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PREFACE. 



X 



This is not a treatise on the architectural art, or 
the science of construction, but a simple exposition 
of the ordinary practice of building in this country, 
with suggestions for supervising such work eflSciently. 
Architects of experience probably know already nearly 
everything that the book contains, but their younger 
brethren, as well as those persons not of the profession 
who are occasionally called upon to direct building 
operations, will perhaps be glad of its help. 
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BUILDING SUPERINTENDENCE. 



THB DKECnON OF BOILDINQ OPERATIONS. 

Axh who have had any experience in tlie auperviaion of building 
operation* know the importance of iuving a systematic plun in pu^ 
Riing their ezamiDatioD of any given vork, nnd the difliculty, wilh> 
ont mch aid, of giving adequate attention to all the innumerable 
points of conttructioQ irhich require notice at their proper time, and 
before they are covered up or built over, »o as to make changei incon- 
venienc or impossible, and there are fev ivlio cannot recall instance! 
of vexatious mistakes, costly alterations, or buildings left insecure 
through want of atti^ntion at the right moment to defects which an 
honr'a labor would then have rerocdied. To the young architect, espe- 
cially, judging from the ivriter'B onn exjterience, a manual which 
may help to direct his attention Id all tlie various details which 
should be noticed, and put him in mind of the defects to be looked 
for at each stage of a given construction, cannot fail to be of use, and 
■ach a manual, it is hoped, the following pages vrill supply. No 
doubt there will be imperfoctioaa and omissions ; but the writer trusts 
they will not be found very numerous, and tliiit such as may exist 
will be duly criticised and corrected by tliose competent to do so. 
Reference will be made to the different modes of building which pre- 
vail in various localities, so far as the writer's knowledge permits, as 
much for the purpose of comparison and criticism as for the sake ol 
extending the usefulness of the work. 

The general subject of superintendence will be considered under 
the three heads of Stone Buildings, Wooden Buildings and Brick 



In the division of Brick Buildings will be special reference to 
the distribution of weights, and tliose details of boiler and steam 
work, and ventilation, which are more commonly to be consid- 
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t than otber»; fuid under 
IS of grnding, cellar-work and drain- 
mlinuall}* call for settlement in coiin- 



ered i 

Woodon Buildmgt the ijueMiot 
age will be dwelt upon, whicb C( 
try construction. 

In eauh claiB the prc^resa oF a typical building will be described, 
from the fiti>t fareakin;; of ground to the completion of tlio work, 
showing the succRssiva Bt^;ee of construction and tlie order of de- 
livery of material nn the groimd, such as they would be found by tlie 
superintendent in hU periodical visits. At each imaginury visit 
occasion will be taken to call attpntion to point.i which need to be 
considered At that ])arlicular stt^e, although the execution of them 
may belong to a subseijueiit period, and mmo general directions for 
judging of tlie quality of malerials will bo given at the time they 
make their first appeiira.nce on the premises. 

From a een^e of its great importance, the writer, altlKnigh not 
CODEidering himself peculiarly qualified for the task, will endi^vor, 
in treating of the different kinds of work, to present ti standard by 
which each sort con be judged. NolJdng is more euibarraasing to ihe 
young architect than to be called upon to decide n dispute between 
contractorR and owner on the quesdon of what constitutee a '* good, 
anbitantial, and workmanlike manner " of executing any particular 
piece of constrtiction. He i.i not likely to commit the error of being 
too lenient in his rH[uircnienl9, Imt he mny, it unitcciisloniud to practi- 
cal work, be led into unreasonable exactions or untenable positions 
which he will Bubsci|iienllj' hftve to abandon, to the detriment of his 
reputation and authority. It often happens that the owner has 
formed i priori an ideal of what the work should be, which does not 
agre« with the actual cxccutiun, and he consei]uenlly refuses to ac- 
cept it, or claims an allowance in the price on acc^ouut of what be 
asserts to be defective workmanship ; and the architect is ealleil upon 
to decide between the parties. In such canes it is of the utmost im- 
portance to him to be able to show such thorough familiarity with 
common practice as will command the respect of both. Without this 
he is continually liable to do injustice either to the contractor or his 
client, as well as to incur their ill-will. Take, for instance, a question 
which sometimes actually occurs in the case of buildings faced with 
freestone ashlar. The owner, jierhaps, has been reading some text- 
book on construeUon and has come across the familiar direction that 
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** all HoneB used in niasonry should bo Iniil on their natural bed." 
On his next vbit t^bis biiiiilin); be looks for the apptii'stion of this 
rule and is surprised to find every stone in the facing set up edg&- 
iiajB. He Bends for the contractor, who professes never to have 
heard of anv rules about beds, and declines the owner's request 
i^lher to Litko down the maaonrr and do it over again, or to make a 
discount from the contract price of the work. The disputants then 
betake themselves to the architect, who finds i " " ' 
uid experience re(|uired to convincB the owne 
might be theoretically correct, universal c 
tractor in violating it. He U 
his prautical knowledge prove 



of tact 
that although hie rule 
om jurtified the con- 
ire to be sharply questioned, and if 
defective, aU his rulings in favor of 
the builder enftose bim to suspicion and diecreilti. 

It will be of advantage, however, in connection with the discus- 
rion of the usual practice in the different kinds of work, to point out 
such improved metboils as are sometimes used, but with a caution to 
the reader, tliat under the common contract the builder cannot be 
compelled to use them at his own expense, unless tliey are recognixed 
in the best ordinary practice of the locality to which he belongs, or 
are particularly mentioned in tlie specification, although mort good 
mechanics are glud of any suggestions for the improvement of their 
work, even at some esira cost tu themselves, and will be equally 
grateful for any help toward a uniform standard of practice, to 
which both they and the architects onu refer. 

For the discomfiture of bad workmen, ibo young architect will be 
warned against some of the ways in which defective materials or 
construction are covered up. and will be reminded to look for bud 
woric before tlie building arrives at so advanced a stage that it can 
no longer be delecled or remedied. 

To tavii space, it is sup)io»ed that the render is familiar with the 
principles of construction as given in the text-booke, and witli tlie 
common forms of specifications and building contracts. Any one in 
need of such elementary iuformatioQ will IJnd Dobson's " Art of 
Building," in Lockwood's series, the best cheap work on the general 
subject, and Brooks's "Dwelling Houses," in tlie same series, will 
afford some additional details in its npeciul brnucli. As a complete 
and authoritative text-book, however, no work within our knowledge 
can ooopare with (lie three volumes of " Notes on Building Con- 
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" prepared for the use at tbe Engliah Science and Art 
Department at Smith Keamagton, aod publislied by Kivingtona, 
Waierloo Place, London. 

For ibose who read Frencb, Rami's *■ Architecture Praliijue " 
will be an extremely practical and useful little book, while those 
who huve fluffiaient leisure wilt find thu time necegsary for tlit^ study 
of Roadelet's standard work, the "Tr(ut£ Tlieori<)ue et Pratique du 
1 'Art de Bitir " well repaid. 

There are many other useful works, holli in French and Engliah, 
which treat of various portions of (lie subject. Among the best are 
Wigbtwick's " Hints U> Young Arcliitecla," published in Lockwood's 
serien, wilb HatHeld's " American House Carpenter," published by 
Wiley & Sou, New York. 

The Bpeeifi cations in the English books are useless in this country, 
onr materials, modes of construction, and technical terms ditfering 
completely from those in use across the water, but models which will 
servo very well as giudes for tbe non-professional reader in the con- 
struction of brick or stone buildings will be found in the printed 
Bpecificationa for public structures of various kinds, copies of some 
of which can generally be had by inrjuiring of the proper officers. 
For wooden buildings, the best work io print is perhaps Mr. Wm. T. 
Ilallett's " SpeciRcations for Frame Houses," published by Bieknell 
!( Comsloek, New York. It a form of contract is desired, a very 
^ood one can be found in Kir. Hallett's book, or blank agreements 
for building, as well as a special form for " mechanics' work," can 
be obtained of any stationer. These forms are not all that could be 
desired, but do very well for ordinary cases. 

One or two preliminary remarks may be made before describing 
the ttctuol processes of inspection. 

In the first place it is necessary to he as familiar as possible with 
[he plans and other drawings of the building to be constructed. 
Nothing is of BO much service in rendering the labors of tbe super- 
intendent valuable to his employers and himself as the thorough 
understanding of the projected building whii:li will enable him to 
foresee the conswjuences of every step, to judge of the position and 
workmanship of each part of the edifice, while in process of con- 
struction, with reference lu its final use and finish, His rhiiy is only 
half fulfilled if be trusts blindly la the accurncy of the plans. He 
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shouli] examine, (compare and rorrect them minuMl]', thorouglily, 
and freiiuentlj-. It is impossible in liie arcbitect'E oliice to avoid all 
inistak(i» in draning or figuring, but encb as escape the eye of the 
bucy professional man can eaailv bo d<st«c<t«I bji a little care in com- 
psriog tbeu nith the worV on the ground, and this duty clearly be- 
longs to the su|)erinIenUent. Not only should he make sure of the 
accuracy of the plans, but he must also look out beforehand forotlier 
points nbiclt may affect or binder the construction when once begun. 
If, for instance, the drawings show atone and brick work bonded to 
gether in eleTation, it should be his duty at once to procure bricks of 
the kind to be used in the facing, and lay them up with mortar joinis 
of tlie usual or ipecilicd width, in order to ascertain with certainty 
the height which a given number of coumes of brick will lay. It is 
common in such work to assume that live courses of brick will lay 
one foot in height, and the delall drawings for the stonework are 
often made and figured accordingly. If, tlieo, as often happens, the 
particular brick used is a little thicker or tliinner than the standard, 
tlie stone oncu cut from an incorrect assumption will fail to bond 
properly, and, if it cannot be recul, must either bo thrown away or 
. inserted aa best it may, the wide joints and irregular tines bearing 
witness to the iocompetency of the one who directed the work. 

Even supposhtg the pUns to be correct, the superintendent will 
find many opportunities for Eiaviog both contractor and owner from 
the Btinuyancc and expense caused by the cnrelessncKS of workmen. 
It u imposublc to get the ordinary mechanic to concern himself 
about the future matters which will depend upon his work, and a 
little foresight in supervision will prevent many careless deviations 
from the drawings or speciGcations, which, al'hough tlie contractor 
would be bound to correct tliem, be will be glad to have detected 
in Eea»>n to save him that expense, and will show his gratitiidd by 
special endeavor to please. Another important point in efficient 
niperviaioi) is, after inspecting the materials delivered, to make sure 
that thoee r^ected are removed from the premises. If thcj are 
marked for rejection, as tbey should always be, let the mark be on 
the face ot the cracked or thin stone, or on the upper ride of a 
"wancy" lloor>board, so that it can be rccogni;ted if it should be 
afterwards put into the work. If tliis precaution is not taken, and 
if the marks are not made in such a manner that tbey cannot be 
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rubbed or pinned oS, materials once discanled will be smuggled 
into the building in spite of the injunctions of the BuperiDlcndenl or 



It is imjMSsible to be too thorough in eiich. periodical inspection of 
the building. It will not do to examine one portion one day and 
another the next ; the proper way is to go all over the structure aX 
each visit. Wherever a man is working, or has been working nnce 
the last inspection, go anil see what he has done. Id this way it will 
be possible to gain that definite knowledge of every portion of the 
structure which is the only security ag^nst concealed vices of work- 

Oni-' oilier precaution must be observed : let not tJie young archi- 
tect put too much failh in what workmen say to him. The best of 
thv[u dislike to pull down or change what is already done, and if in- 
adverU'Ace or temporary convenience has led them into palpable 
violations of the specification!!, they will often stretch the truth con- 
siderably in their explanations nod excuse. Some are much worse 
than this, and will cleliberately avail themselves o[ tlie credulity and 
inexperience o( the young architect under whose authority they 
eome, to obtain from him, both before and after the execution of the 
work, such concessions from and iuterpretAtions of the strict letter 
of the «|iecification as will be mo«t to their profit. It is difficult for 
one who is not quite cerUun that ho knows bow to dUtingtush be- 
tween fresh and damaged cement, tor mstance, to persist in rejecting 
a lot of which he has suspiciona, but which the builder declares to 
be nut only of the best quahty, but the only lot of that quality which 
can be procured without wrionely delating the work, and if the 
superintendent is found to be accessible to such repreaenialions, his 
credulity is sure to be tested on many other points. The only way 
in which young architects can escape being occasionally made vic- 
tims of such practices, is for them to make up their minds what is 
right by the best light that they can, and insist on their directions 
being followed. With a little thought, and assiduous study (if other 
buildings in process of construction, it need rarely happen that tlieir 
orders will be unreasonable, and a firm stand on snch occasions as 
arise in the early stages of the work will not only make tlieir suiwe- 
quent duty much lighter and pleasanter, but will often eave iheia 
ultimite discredit and regret. 
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These preliminary remarks are applicable to every kind of build- 
ing. Others might be added, but as they may perhaps be better 
understood and remembered in connection with some practical illus- 
tration, it will be as well to defer their consideration until they pre- 
sent themselves in treating of a particular class of work. 



THE COXSTRUCTION OF A STONE CHUECH. 

CHAPTER L, 

There are manr adranuges in beginning the stndj of coostmctioo 
with stone boiidinga. Such stroctiires require a minuteness of at- 
tention, and a precisioa and accuracy of workmanship, superior to 
that which is generallj bestowed upon buildings of any other material, 
and the careful and continua! measuring, lereliing an 1 rerif ^dng which 

they demand, together with the foresight which must 
OofMtruciioa be exercised in order that all parts of the masonrr and 

of StOflM 

Biiildifisa. wood-work may come together without error, tend to 
form habits which are of great raloe in the direction 
of any kind of building operation. Moreorer, the construction of 
itoA stone buildings inTolres calmlalinnw <^ thrust; of pressures, 
Tcrticai and oblique ; the resistance of materials, and many other 
t^>ichnical problems well fitted to exercise and develop the capacity of 
the young professonal man, while the oomparative slowness with 
-^hidi ther are erected affords him sufficient time for a careful con- 
fideration and solution of such qnestioos, which is not always pos- 
sible in the case of lighter structures. 

If it is considered also that stone-masonnr of some kind enters in- 
to nearly all building operations, and that foundation-works, even of 
light erections, sometimea require the over- 
ooming of serious difficulties, the propriety 
of introducing the general subject by its 
most intricate and t^eehnical branch will be 
sufficiently plain. 

The church, of which we propose to fol- 
fcyw the construction, is intended to be sit- ^''' ^ 

oated on an elevated ground, descending irregularly toward the 
east. The soil appears to be gravelly, but variations in the ap- 
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pearvice of tha graes over the be indicale th»t the Bub-suU is not 
uniform. The total differeoc* in tho Itvd of tlie ground in tiie 
lenglli of the propoaeil building is about eix feet. 

The churcli i« to bo cruciform in pl&n, with clereetory and nave 
aieles ; thu cbani'ul to bu witliout aisles, aa wide as the nave, and with 
a scmidrcnlar apsidbl torminalioQ. The principal eatrsnce is to be 
through the tower, which stands at 
the south-west angle, foruiing the 
^terminalioD of the south aisle of the 
a, and ihere is a second entrance, 




--4^^ 



opening into tile transept through a 
enclosed porch whiuh occupies tlie angle 
between Uie traneept, which has consider- 
able projectiuUi and the Goutli aisle of the 
nave. Enst of the north transept is the 
oi^an^cbamber, with wide openings into 
transept aud chancel- The corresponding 
angle between the south transept and the 
chancel is occupied by the robing-rooni, 
with private entrance from the outside. 
Under the chancel is a societj'-rooni, entered 
directly by steps from tha outside. The rest 
of the space under the building is used for 
a cellar, reached by a circular stone stiur- ■ i -* 

case in a staircase^urret attached to the ' 

main tower. The SAine stair a$cend« also 

to the bell'Cluiniber- The whole building, including the epire. is faced 
with brown freestone from the floor-lino upward. The liasemenl 
wall, from the floor-level to the ground, is faced with granite. The 
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fouii<lnlioD-wall»i, anil the backing of the nails above grouail. are ol 
i aJaty local sumn. The spire and Htaircase-turret are bauked with 

In llic interior, the clerestory- archer, and the caps and bsEcs of the 
(olumns which carry tLem, are of Ohio freestone. The pliullis and 
"Lafts of the columna are granite, tlie shafts t>eing polished. The 
chancel steps ore of marble ; the vestibules Bra tiled witli marble ; and 
tiie (.hancel Moor is laid with encaustic tilen. The outside steps are 
granite, and the winding stair in the turret is of bard brown sond- 

The exterior stone facing is specified 
10 be "neat random ashlar, (]uarry-face, 

with pitche<i joints." Thi» 

mean-4 tliat alt the exposed 
aurfacEs are to be treddy split, without 
weather-worn faces, such as would be 
admissihle if TiKlc-face were spei;ified, 
and that the joints, instead of irregularly 
projecting, as is permissible in some en- 
gineering work (Fig. I), are lo be 
" pitched off " lo a line previously drawn 
around tlie itone, all parts of which He i 
in a true piano nt right angles with the 1 
surfaces formed by the joints. This is i 
done with a " pitching tool " or wide (i 
chisel with a very tliick edgs (Fig. 2), 

and the result is to furnish £ 
DraMlns blocks whicli, however rough K" if 
•ton«. and projecting in Lhorentre, r^ 
all {I09S09S four well-deHnod edgo$, by p. . 

means of which (hoy can be placed upon 

and beside each other witli as much accuracy as the 
Ji^ntsT *mootlie?t- faced stones, presenting a surface like that 

shown in Fig. 3. 

Other parts of the cslerlnr stone-work are differently treated ; the 

spire is to be a "broach" (Fig. S), and the arrises, or edges, of the 

octagonal spire, as well as of the broaches, arc to have chiselltd draft 

lines (Fig. 4) two inches wide. There will be also draft lines one and 
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^^^^V one-half iat^ttSlride around all openingn. and the revvols of openings. 

^^^^H logetlier with all cornices, copings, wualheriagi of buttrestCH, wasbes 

^^^^^■^ of sills, roof of ftaircase-turret, and bands in spire, will bo crandled; 

^^^^^B ^> that is, brought to a plane surfuct' hy 

^^^^^1 //'v/y/7 ">^''>* "^ ^^ cmndle (Fig. 6), 

^^^^^H J^^/^/^T^ which is atootlied halcliut composed of eight 

^^^^^^^^^H /^^^7^ '^7/ '"' '^^ P"'"^^ chisels wedged tight ' 

^^^^^^^H /^■^^^ irama willi a handli*. Witli this toot the 

^^^^^^^^^^1 4>^y>^'^^. tprfaceof the »lonv bobliquuly 

I E 

■ I 




itil tliu inequahties 
have bi-i>D reduced and the 
iurfate is coiertil with short 
parallel furrows, all rimaing ii 
the same direction. {Fig.'-) The 
workman ta thonchitn jad, anil the to.) 
other direction, so as to make furrows <;: 

comparatively smooth surface is fonnetl, covered with a net- 
work of ehort lines. (Fig. 9.) Before beginning tlie work a line is 
drawn around the Elone, and the joints either pitched oS to this line, 
aslyefore described, or achisel draft sunk all around the face unlil the 
line is reached. (Fig. 8.) Wliichaver mode is adopted, by removing 
the rough projections of the central portion fxrst with a toothed cbisel 
and then with the crandle 
until it is reduced lo the [ 
plane of the draft 11 
true surface is obtained. | 
It need hardly be snid | 
that tlie 6rat operation it 
all alone-cutting is to form Rg. 9. 

Rf. '■ the joints, and from these 

four surfaces, at right angles to each other (Fig. 10), all the other 
bounding planes of the finished stone are derived. 
The Iraccry of the windows is droved ; that is, finished 
by workin<j over the entire surface with a wide chisel, so 1 
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it Willi parnllel linc». nil running in the same direction, except arotind 
nrclies, iriiere tliey radiUe Croiu thu same centre n« the curve of the 
arch. (Fig. 1 1.) 

Of the granite, the ashlnr 
is quarrj-laced, with pitch- 
ed joints like the ganditune. 
The "wash" or upper 
clineil surface of the wa 
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Pan* 

that is, pounded ''*' '°' 

with a heavy, double-edged hatchet, or "pene hammer," until the in- 
e<iualitifs are chipped away and tha surface is reduced to a plane, 
determined by draft linet previously drawn, and covered vith coarse 
parallel lines. The outside etepa, and the reveals and sills of basement 
openingi, receive a further finish, by being pounded all over, after 
the pcno hammer has done Its work, with a " bush hatnmer," or an 

some say, " patent hammer," in which eeveral parallel 
u " I blades are bolted into an iron frame with a. handle. 

This instrument (Fig. 13) also leaves parallel marks 
on the atone, but much finer llian those of the pcne hammer. Por the 
outside work, a tool having six blades to the inch will give a, sufficiently 
smooth surface, which is specified as " »x-cut." The plinths of the 
interior columns are first pene hammered, then six-cut, and finally 
" ten-cut," with a bush hammer having ten 
blades to the inch, which leaves the stone 
very smooth. Eight blades would ^ivp ,iii 
intermediate finiih. The joints an 1 ' 
of the grnnite are " pointed," or bi-' ■ 
to a roughly plane surface by mv::' 
of the " point," a short, thick chisi ^ 
with a very short edge, often k- 
than a quarter-inch in length. 

The interior capitals and a portion l ^-= -. j' 
of tlie arch mouldings, as well 4s the l"r . il h i i 
finiais and some other outside work, are carved. The marble step; 
to the cliancel arc poUiihed. In the carved work it is important 
to leave all the marks of the chisel untouched. Inferior workmen 
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•oinctlmus smootli and ra<ip the cnrvlng, to die ilestniclion of its 
crUpnuHs and bcnuti-. Tlie reat of the inlerlur freestone, on the coq- 
trarj-, will lie rublit^cl. Tliis is usually done liy Inyinj Flonea Bftwcd 
to a taitslilt) thickness, eitlii^r wilh stL-el bliulea tup[ilied vtlh sand 
and wattT, or with tlio much more rapid diamond enw, face down- 
ward on a targo mill-stone rovolvUig horixontally. Tltii nooothi off 
the lineo left by the eav, and the surface tims given is left to form the 
(ace of llio worji. Tlio grunito shafli ara puiL«heJ by matlunery, 
emery of different grades being first used, after the ptone is brought 
to a smooth surface wilh tools j followed by " tin 
putty," or precipitated oxide of tin, which pro- 
a gla9»-iike lustre. For red granite, the to- 
7 called jewellerg' rouge, or crocus, which is really 
m oxide of iron, is used for polishing, and the 
particles vhich find their way into the crev- 
ices of the graniio are allowed to remain, 
for the sake of heightening the color. 
Occasionally the final gloss is given 
wili wax, but this fraud can be da- 
plication of a hot cloth, or by e: 
i^jjflljv Br, which quickly r 




Rg. U, 



iiered, with hammer-beam 



tected by tlie up 
posure to the wcatb- 
luilre to obtained. 

The roof is ojien-tint' 
trusses and amhcd ribs, the 
purlins, being of hard Soiitliern '**' pine. 

covered wilh mati'hed pine boards, tarred felt, and slaie, and the 
panels formed by tbo purlins and trusses are lathee) anil plastered. 
The interior is furred with studding, lathed and plastered. A pan- 
elled wainscot, four feet high, runs around the room. 

The interior of the tower, which forms a vestibule, is lined with i, 
four^nch wall of face-brick, separated by a two-inch air-space from 
the outside wall, but tied to it with iron anchors. This lining ex- 
tends the whole height to a ceiling of moulded girders, forming panels 
filled with mntched-and-beaded sheathing, and covered with tin on 
top. The space above this, though accci^siblo from the staircase-tor- 
retais left rou^li, up to the "bcll-deck," also covered with tin, on 
which stands the framing for the peal of bcUa, which should be as far 
as possible indepeDdcot of the tower walls. 
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The interior of tlie Bociety-room btoeath tbe chancel is lined witfi 
a four-incli hrk'k wall, Bepuraici) hy a two-iDch air-^pace from the 
outtiilc masonry, and tied to it with iroo, and h plastered on the 
inner brickwork. The walls of the robing-roou and orgao-cliamber 
are furred, ktlicd and plaEtcreil. Tbelilt'il ftnoreofthe vestibulei &nd 
chancel are set on bricks laid upon boarding cut in between the 
beams. All the other floors dre double, the under boards of spruce 
tlirou^hout, and the upper flooring of Georgia pine in the socictj- 
room ; elaewht^re of white pine. Interior fiaiab la of Lard wood. . 
The foregoing description contftina a brief abstract of the specifica- 
tions. Id accordance with these the contract has been signed, and 
the builder, or the contractor tor the excavation, as the case may be, 
meets the an^hilect upon the ground to lay out the 
thirBi^ldlnV '"*''^- ^^ * 'P*"^!*! pl"" h"* l*™" prepared, with the 
exact dimensions of the walls and tlie lengths of the 
diagonals in plain figures upon it, the setling-out will lie much simpli- 
fied, and there will be less danger of mistake, but the cellar plan is 
often the only drawing provided for the purpose, and the additions 
or subtractions necessary to pve Uie dimensions of the trcncheB muet 
be made on the spoL 

In important works it is beat to call upon an engineer to sot out 
the lines, but circumstances may make it necessary to Jo willtout sucL 
professional aid. In any case, the architect should always be present- 
Some builders, and a few architects, possess an engineer's compass, 
by means of which they can " turn oS " the various angles around 
the building with precision j hut in most cases the parlies will arrive 
at the spot furnished only with a tape-measure, a few stakes, and a 
" mason's square," consisting of three pieces of wood nailed together 
in such a way asoneelohavoformed, perhaps, aright-angled Inangle. 
Even these rudo instruments will, however, suffice, if the tape is accu- 
rate, and especially jE the architect bus had die forethought to bring 
a second tape, which will much facilitate matters. 

Tlie first thing to bo done is to stake out the outddo lines of the 
main walls of the building, the "ashlar lines," as they are called. 
Many persons neglect these in the first laying out, and run only the 
exterior lines of the cellaivwall, which usually projects three or four 
inches beyond the ashlar lines, but the danger of mistakes b much 
lessened, and the work in the end simplified, by sotting out at the 
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Vgi&ning the [WTimeter of the main tralU, and then drawing par- 
ftUel lines oulMile ol tliesc to indicaie tlie fare of basement-walls, or 
the line of excavation, a» the case may be. Ry Uu« means the exact 
relation of foundation and siip«r»tnicture is shown at a glance, aod 
ibero IB no danger of a line drawn to indicate the face of the fouiiiln- 
tioD being mistaken for the anhlur line, and the wall being built 
•eversl inches outside of it, as sometimes ]iap[icns where only one 
line is given at first, much to the detriment of Bubsequcnt work. 

The staking out of the plan mu^t begin by the establishment 

of some main rectangle or triangle, to which the varione projections 

can be added one after the other. In tliis instance. 

the preliminary figure may bo the rectangle formed B^J^rjiT' 

by the tiave, including the aisles, from the weat front 

at far as the transegitf^. Having tixitl u]iun tlio location of the 

building, the line of tlio west front is determined, and upon this 

tine is measured the width of the nave with ilie aisles, to the oub- 

Nde of the aisle walls. A short stake should be driven into the 

groqnd at each end, anil a copper tack in the bead of the stakes 

will indicate the exact points. The next step is to run lines from 

tliese points at right angles with the first line, which wilt represent 

the face of the aisle walls. If a surveyor's eompaps is nt hand, the 

g. T right angle is easily turned off; 

f^ ."1 if not, tlie best way of proceed- 

I \ / • ing is that shown in Fig. 13, 

! ■>, y I where A B is the line of the 

! ■■, /' ; west front, X T marking the 

[ 'f^ '• width of nave and aisles. Find 

] .' • I from the plans tlie distance Y T, 

I , / \ '. from the west front to the angle 

I /' \ ; of the transept, and calculate the 

'K.'j' '■. ;'y diagonal distance from X to T, 

A B by adding the squares of X Y 

' and y T, and extracting the 

Bijuare rout of their suuj. ( The fjuare uf the hypolhen'i/e of a 
right-angUii Iriamjle i» equal lo the sum of tke sqvarea on the legaJ) 
Then tako two tapes and placing the ring of one at X, and 
of tha other at Y, measure from X on tlio jirst the length of the 
diagonal just found, and on Ihu second the distance Y T, and 
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bring the two points togatbcr. Mark tlie place where the meftture- 
menti on die two tapes coincide witli another stake und capper tack. 

Change the tape* over, ftnil meuiure X S equal to 
oiagVnll* ^ '^' "'"' '*'* diagonal Y S o<iual to X T, ami mark 

the spot where the points again cotneiiJc with a fourth 
stake and tack. Verify the work by measuring the liistanee betwten 
the two eastern stakes, S and T, which should efjUHl that between X 
and Y. If the uioaBurements *have been oceurately mode, tlie four 
stakes will form the corners of a perfect rectangle, ("are niiipt be 

takeD to keep the measuring-tape level. If ihc ground 
^"uHeH "* *''"' '° ""J' J''*"^''""' '■^^ '"pe should at tlie lowest 

point tie held up so that the ends will bo at the ennie 
level, anil a plumb-line dropped from the correct point on the tajie to 
the ground will give the position of the stake. It wilt save time and 
trouble to have the fenglha of the diagonaU cnlculat^ beforehand 
anil marked on the plans ; not only for the main rectangle but for 




Perhaps two tapes will not be at hand, ! / 

r the mathematical attainments of the i / 

—party may not i / 

extend to the Uj / 

exu.ciloDofT _>' 

square roots. In t ,' 

llint cafc, afler j ,'' F.g. iS. 

setting out the [ / 

lino of the west- (/ 

ern front as be- • 

fore, measure off { 
one of the two long sides of tlie preliminary rectangle, as nearlv 
at right angles wltli the base line as ]i03Hible. By slretching a string 
^^ tor the base line, with another for the long side of 

ri»o^*Ru?o!'* "^^ rectangle, the latter can be brought approximately 
to the projier direction by the help of the miison's 
square (Fig. 14) or by tlie application of the " three, four and five 
rule "; which consists in marking a point on one string three feet 
from the angle, and on the other four feet from the same angle, then 
adjusting tlie relative position of the two until a straight line drawn 
diagonally across the angle, between the two points, measures exactly 
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fiye feet (Fig, 15.) Then ifae two atrings will form a riglit angle, 
rioc« A i> tlte hypothenuM of a right-angled triiuigle tihaie othef 
rides measure 4 and i feet. 

Uaving found the angle Approximaleir by ihcse meana, a Btnke 
should bo temporarily driven at the extramit^v of the long side of the 
rectanglo eo found, and the other side xet out parallel with tbia, by 
measuring the distance C 1) (Fig, 16) equal to A B, from the point 
C, distant on a second line, A C, tu far from A as D ia distoat ttota 
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B. Then the figure A C D B will be a paralWogram, since its oppo- 
rate ddea are e<iua] ; but It may not be a reclangU. Ab a teat, ihe 
di^onaU should bo measured. If they are uneijual, tliu figure, in- 

d of beini; rectangular, has the form of whioh Fig. 1 7 is an exag- 
gerated reproaealation. To remedy this, move the stake D, at the 
farthest extremity of the longest diagonal, toward the stake C, a dif- 
tance about etjuol to two-thirds of the difference in length between 
llie two dii^onals. Then move the stake C an e<{uai distance in the 

e direction, so as to keep the length of tliat side of the rectangle 
eorrect. Ueasure tlie diagonals again, and if now found to be equal, 
TCt^ all the measurements, then dilve the stakes firmly and set cop- 
per tacks as before. This preliminary rectangle having been nccu- 
ntely marked out, the rest of the work follows easily. 

Lay out the transepts by etretdiing a Tine through the eastern nide 
of the rectangle just found, prolonging it iadeiinitely at each end. 
Prolong also the north and south sides of the rectangle indefinitely 
eastward. l<ny oft the projection of the transept, as figured on the 
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circle dcsCTibed nnd marked wiih a number of small slnkeB or a 
line cut in llie turf wiili u epaUf. Then the excnvuUon ciin begin 
al this linu, but aa the central slake wuuld soon be dug away, it 
ii necessary to provide ueanti for recovering it at pleaaure. Tbii 
cui best be done hy fixing points entirely outside the e 
from vhich lioes can be utretched wfaith will by their ii 
iadicale the point required. For our purposes tour such points 
will be ncciMsarv- Two of these, J K, may with advantage be sit- 
uated on tlie prolongations of tlie lines which show the northern 
■nd wutbern asldar lines of tlie transepts, and tbe distance from the 
angles, G and H, of the transepts should he twice the distance from 
the centre of an imaginary lino eonnecting G and H to the point, A. 
Then two cords, one stretched from II to J, and the other from G to 
K, will cross each other over A. One more step remains to be taken. 
Aa the stakes which at first indicate the actnal points, G and U, will 



; I 

be removed by the excavation, it ia necessary to drive supplemonlary 
Mkkes, P and Q. witli cop{)er tacks in tbeir heads at any point on the 
I JoBt found. Then cords, stretched from these intermediate 
pointB, will serve the same purpose as iC drawn through lo G and H, 
Ud die stakes which mark them will not be disturbed. The second- 
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aiy recUtngles, which we formed bj- the Aisles, lower, poreh. robing- 
, room, or organ-room, can be easily laid out in die same manner on 
tlittl deacribed for the trsnsepts. 

Ab the ftakea which now mark the cornera of the building will bo 
(lug away aa moa as the excavation is begun, it is necessar}- to pr[> 
vide some further means by which their petitions can still be shown 
when the stakca themselves are runioved. This is done in much the 
same way that tho centro of the apse circle was fixed, — by making 
the point to be markeil fall at tho intersection of two straight liaes 
drawn from some more distant stations, which in the case of the cor- 
ners of a rectangle may best be situated on the prolongations of its 
sides, as etiown in Fig. 30, where the point. A, is marked with as 
much precision by the intersection of the lines stretched from the in- 
dtifioite pointB, X and Y, aa it would be by a stake. 



In practice, the points, X and Y, arc usually given, not by stakes, but 
by notcJies, or horizontal "batter-boards," which are 
nailed to slout stakes, five or six feet apart. (Fig. 21.) 
Two of those hatter-boards are necessary to determine each angle 
(Fig. 22), and as it is of great importance that they should be firm 
and permnnent, they must be set up four or live feet back from (be 
edge of the eicHVotion, or more, if this is to lie very deep, and the 
■takus net Srmly in the ground. They must, moreover, be as nearly 
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il tt» possible, tlioM wlikU «land al the lower portions of the 

I raised on high but struug stakes. HnviDg wt up lEiuse 

battor-boanla opposite the coracrs nlreAily fouml, lines 

'ahould be stretclied between them (Fig. 23) so as to vuin- 

fcide with the lines already marlEeil by the stakes. Plitiub- 
linea suspended from .the cords over the stakes will show 
{ when they pass exactly over the oopper lacks which mark 

! the precise points to lio transferred, and as each line is 

I accurately lUcd, a smaU uutch should be cut in the board 

■ wliure the string [lasses over it. When all tlio lines are 

i fixed upon the butter-boards, the first set of notches will, 

1 if the ashlar face of the walls vas taken for the nieasur(»- 

I ments, serve at any time to lix the Une of that face 
" [or any wall. The projection of the water-table or base 

course beyond the ashlar aurfacc, the projection of tlie 
outer face of the foundation, the thickness both of the foundation 
and llio Bnpcrstructurc, can ho indicated by notches on the batter- 
boards, measured from the original notch, and marked so that they 
can be readily distinguished, as shown in Fig. 21. 



i 
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It is well to fix one batter-board, at least, at the height of 
^ven level of the building, as for instance, at the top of the • 
tAble. If an engineer is at hand, or if the a: 
oroontractorcHnuscalevel, there isagrcat advantage 
iiiKtting the lop of all the batter-boards at exactly tiiis height: then 
the masons will be able, when the time comes for setting this course, 
la level across from tlio batler-boarils at various points, and thus 
obtftin a line more perfectly horicootal, and with leis trouble than 
would be possible by starting from a single point. 

The fixing of the batter-boards completes the 
building, an<l a line mny then bo cut with spades, : 
teen inches outside of the original stakes, which ca 
aiul the work of excavation begun. 



•enoh Mark. 



etting-out of the 
ime fifteen or six. 
then be removed 
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the buililiDg belongs properly to the 
pn)ploji.tI but the architect should 




All ihe busiucBs of etaking out 
L'ontractor, unless an engineer w 
nlwaj-B be pref- 
Importance ^nt U) see it Uone 
of Oorract , .f ,. 

PInntHtlon. """ '""-' '"*• 
m e n s u retucnts 
anil especiatly to observe the 
acuaracy of the angles. The 
crucial test of Ibe reetangulanty 
of the lines is the measnremeat 
of llio diagonal?, which should 
bo insisteU upon,au<l tlie stalcea 
shifted patiently until they are 
at the autaet, the superintendent 

the upper walla here and there overhanging the foundation, i 
attempt to bring back the Bupcrstructure to its proper shape (Fig, S5); 
or, in the finishing, to find doors and windows unexpectedly cramped 
or thrown out of centre, the pattern of tlie tcssehued pavement 
tapering off to nothing at one end, the frescoed ceilings misshapen, 
ear|)etB fitting liad1y,or some other of the innumerable vexations and 
irremediable con5ei|uences of incorrect eetting-out. 

While the workmen are cutting the sud in lung strips and roliii^ 
it up, which may be desirable if it can bo used for improving por- 
tions of the lot, it is necessary to clioose places where tlie loam from 
the surface ond the gravel from beneatli may be piled 
up separately in " spoil-banks," out of the way of 
building operations, but near at hand for use in the 
subsequent grading. Nothing is more common than 
to see tlie earth from a cellar thrown out at one edge of the exca- 
vation, to I>e soon after shovelled over again in order to dig a place 
for some pier or post; then, perhaps, the middle of tlie heap turned 
over a third time, to cut a trench for drain or other pipes, and 
finally the greater part of tlie mass shovelled again inti:i wheel- 
barrows, and transporte<l halfway arount^ the building, to be used 
for grading up in some place on the other side, where it might jam 
as well have been tlirown in the first place. 

Let the joung superintendent, therefore, think where the gravel is 
likely to be used for grading or road-building, and how the heaps 
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can bo most cooreniciitly arraDgcd, jn referCDce both lo its future 
use, anil lo tbe luo^t laborious mode of bringing it from the cellar. 
The Dmountuf material wliifh tlie cellar will furnish can be approxi- 
mately estimated with very little trouble, as well as tlie iiuantity 
which will be needed for iJie grading about tbe building, so that if 
there proves to be a rarplus whieh must be provided for, places may 
be arranged for disposing of it, either in filling up hollows about the 
lot, grading the approaches forming tcrracce, or other improve- 
ments ; and tlie earth may then be excavated from the cellar, hauled 
to the place designated, and dumped in immediately, without liaving 
li> be twit'O handled. ^Vhereve^ grass is intended to coTer the new 
surface, loam must be piled near, or brought from other parts of the 



The location of the avenues and paths, with the drmnage work* 
necessnry, should be determined at the outset, and marked upon the 
pkn which the su^ieriotendent must have always at hand to refer lo. 

A large space on the most level part of tlie ground, and not far 
from the principal entrance, should be reserved for imloading and 
piling up timber, and for framing. Room must also be left for de- 
livering Blooc at various points aromid tlie building, 
and forolljer materiahu Especially should the area n^^^^a^'r 
about the ni;un entrance be kept free of obstruction. Material*. 
Tlicic eares properly belong to tlie contractor, since 
tlie extra expense and delay caused by re-handling and improper dis- 
posal of material must be paid by him, but the efHcient and intelligent 
conduct of such works is indirectly advantageous to all parties, and 
tbe superintendent, by his greater familiarity with the plans, as well, 
perhaps, ax his superior skill in interpreting tbcir indications, is able 
to foresee fnturu contingencies more clearly even than those who will 
soCer most by want of due precaution. 

Applying these observations lo our present building, we notice the 
conditions to be as follows : The street runs along the south side of 
the lot; and llie ground sloping gently toward the east, the boat place 
for the entrance roadway will he near the western end 
of llie building, arranging it, if no other considerations 
oppose, so that the grade will ascend slightly from tbe street. This 
will be of advantage in securing an outlet tor water into llie slroet- 
guttera during heavy rains. The building ia not on the crest of the 



38 BUILDING SCPERINTENDENCE. 

liill, llie ground rising conlinuoualy westward. It will therefore b« 
occosaur}', in oritur to prevent Lbc water running down the hill from 
reaching the walls, which it would eooq saturate, to grado up at tbo 
west front of tlio church BufHciuntly to turn it back by a aligLt slope 
in tbe reverse direction) and il will improve ihc np[rcarance of the 
itrutture to Lave this graded surface somewhat extensive, so &s to 
form a plateau in front of the building, nearly level, ond ipacioDS 
enough to turn a carriage easily. This level will be continued along 
the eouth wall of the dmrvli aa far as the porch opening into the 
Eouth traoBcpt, forming a. terrace, wide enough for a foo^patll, nnd 
regaining the natural surface southward and eastward by oaiy slopes. 

The arenuc crosses a small natural basin before reaching the pla- 
teau, and beyond it continues along the nortti side of the building to 
the sheds, which are situated at some distance to the nortli-cast. A 
separate foot-palli from the street leads to the entrances of the robing- 
room anil the society-room in the basement. 

Tbe gravel from the excavation will therefore be principally needed 
for the jilnteau and terrace on the west and south sides, and For tbe 
paths and avenues; and the loam will nearly all be used on the south 
side, where a deep soil is desirable to insure a good growth of grass. 
It should therefore, as it ia stripped from the surface of the excara- 
tion, be piled in a beap south of the south transept. 

It will be very advantageous for the avenue to have it hardened by 
•be tralhc of heavy teams bringing materials, and equally an advan- 
tage tor the teams to liave a practicable road tor wet weather, in- 
stead of being obliged U) go over the grass-land, which is soon cut 
into a mass of mud. Hence while the turf and loam 
s l)eing stripped oS the site of the church, tbe drive- 
way should bo staked out, together with tlie plateau 
in front of the church, and the terrace, and in order Uiat the new 
material may unite with the subsoil beneath, the surface should be 
ploughed, the loam taken off, and added to the main " spoil-bank." 

As fast as this is done, a gang of laborers should dig a trench 
eighteen inches wide and two feet deep on each side of tbe roadway, 
tlirowing the gravel into tbe middle; and then fill these trencbi>t half 
full of stones, put six inches of hay or straw over tbe Btonn, and' 
throw back gravel enough to fill the trenches. 

The French drain, or trench filled with stones, should be contiaiied 
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around the side of the pUusau next the hill, and mails considernbly 
deeper in that place — three to six feul, according to the BpringinesB 
of the soil. Tlie object of it is to prevent water from working in at 
Ihe sides and softening the gravel of the road jii!<t below ihe surface, 
breaking thu up, however hard it may have bccooie. If slonea can- 
not be had, agricultural drain-tile may be laid in llie trench, and the 
joints covered over with a piec« o£ pajier tiufore filling up wilb 
gravel. The road thus defenderl against the undermining influence 
of water from the sides will soon be dry and hard, though below the 
general surface, and read^ for tlie gravel-carts which will by thia 
time be ready to bring their loads from the cellar excavation, coming 
to the surface by a runway at the eastern end, where the height i<> 
leaat, and pasaing along the rudimentary avenue at the north side of 
the building to deposit them, first on the plateau, until that is brought 
np to the lieiglit required, and then upon the avenue, a eullicient 
qaantity being dumped in the hollow near the end to bring up the 
grade to a uniform Blo[>e with the reaL 

Besides the deep intercepting drain around the upper edge of th* 
plateau, it is best in all but the most porous soils to make another 
French drain under the plateau itself, in Uie shape of a V, the ver- 
tex of which points up tlic liil), while the extremities uf the tegs end 
in die road drains, one to the north and the other to the south of the 
wesieni end of the cliurt.'li. This will prevent the water which falls 
upon or gets in beneath the fresh surface of the plateau from running 
along the comparatively hard, eloping stratum of natural soil beneath 
toward the foundation walls of the building, which will soon be pen- 
etrated by its persistent llow. It wilt be best to leave the avenues at 
a grade about six inches bcliiw the final level. If wcl! drained they 
will soon become liarU under the heavy IralSc, and a final coating uf 
six inches of screened gravel at tlie completion of the building, 
brought to a neat surface, will give a good and durable finish to the 

The terracing along the south side may be provided for most 
economically, if the ground is firm, by directing the excavated mate- 
rial on that side to be thrown out on the bank without loading into 
carts; but if the soil is soft or sandv, tliceilge of the excavation must 
not be weighted with material until the cellar walls are built, or it is 
Uable to (»ve in. 



SB BDILDDiU SUPERINTENDENCE. 

Tlje contrnclor for tbe biilliling ii not obliged to do all these works, 
unless lliey ore mirntionei) in the specification or contriwt. In gen- 
eral, if there is no ngreciuent otlierwitie, the bnildcr is expectcil to 
take otT anil reserre tlio soda, IranEport and pile iJie loam and gravel 
separately wherever directed within the bounds of a reasonably large 
lot, but he wouid not be expected to spread and level the material, 
except about the building, unlcw such levelling were mentioned spe- 
cifically- The other works mentioned, although they are best carrii^d 
on at the same time, would be included in a separate contract in con- 
nection with the Bubtei)UUDt terracing, planting, eodding, or gnrdener's 
work which might be determined upon for the general adornment of 
die lot. 

To recapitulate the most important things to be remembered, and 
Kscnpituln- precautions to be observed in drst laying out ibe build- 
tlon. ing and starting the work : — 

Examine the fi^nres on the plans, to see if thoy arc correct. 

See that the steel or other tapes used are divided into feet and 
inehen, not into feet and tenths of a. foot. 

Stake out provisionally the actual ashlar lioei of the buildii^. 

Ucasuru the diagonals of the principal rectangles. 

Transfer the lines given by iho stakes to batter-boards permanently 
fixed. If the ground is not level, or nearly so, the horizontal dimen- 
sions must be measured level, and transferred to the stakes by a 
plumb-line. After determining the ashlar lines, the foundation-walls 
should be marked on the batter-boards, and the lines of the excava* 
lion given aljout eight inches outsWe the tneo of the foundations. 

Set some permanent mark representing cither the top of the floor- 
beams, the water-table, or anyother convenient level, providing car<y 
fully for the change in tlie surface o[ the ground which will be made 
by the Bubsei^ucnt grading. Write distinctly on this stake or "bench 
mark " the level whiuh it is intendcl to represent, and also The depth 
of the cellar bottom below it, allowing three inches for concrete. 

Consider and decide about the laying^ut of the lot, and if any of 
the avenues can be used in the building operations have them imme- 
diately staked out, cleared of loam, and drained. 

Confer with the contractor in regard to the most convenient place 
for delivering tlie materials anil dumping gravel. Explain to him 
de future plan of grading, and interest him in your provision? for 



KvcHd'mg unnecessary handling of the earth, ao that your dirccliaai 
0)»y not Mem arbilrary. Ittinembor lo leave spaces ai follows : — 

Not less tliiLD 2,500 square feet tor piles of Inmber. 

Two or three ploU of 000 square feel each lor liilulc and rubble. 

About 000 squiire f cot far other Duitorials. 
TIie«e to be nuar iho building, but luavlng space for heavy teama to 
drive up, unload, turn, and go oiiL Spaco may also be needed near 
ihe street as (ollowa : — 

1,000 sqaaFe feet for Btono-cntttnK Bheda. 
1,000 " " rough blocks ol stone. 

Determine the position of llie main provisional entraoce, and keep 
the approach lo it eluar. This entrance need not necessarily be one 
of the reguhir church doors. In this inslaooo, the main access to the 
church, through the tower, is somewhat tortuous for the introduction 
of long timbers or other bulky materials, so that it hII! be best to 
provide a temporary ont^ whif^h can bo done by leaving the arch of 
the large west window open down to the ground- When the neces- 
sity fur BO large an entrance i& over, (he wall can easily be built up 
aa high as the sill. 

SECOND VIStT. 

We will suppose that the matters treated of in the foregoing notes 
have been latiafactorily dl.'posuil of, and the laborers have been some 
days at work. By this time it will bo necessary to appear again up- 
on the ground. The second visit finds the loam removed, and tUe 
excnvatioDS completed down to the cellar bottom at tlis western end. 
Teams are hauling rubble-stoao for cellar walls, and a car-load oE 
staging lumber has arrived on the ground. 

Let the superintcndont begin by going all around the outside of 
the buiiding, comparing the excavated lines with the marks on the 
batter-boards. Any mistakes should be pointed out 
at once, before tbey are driven from the mind by B»(iJion"* 
other matters. Next, let him make the tour of the in- 
side of the excavation, examining the bank carefully. Hu finds l)ie 
ground atthe lower, or easiera end to be a fine gravel mixed wiih 
stones. The bank at the upper end, for five 
ftsct below the surface, is composed of a similar gravel, 
but below this appears a stratum of greenish clay, hard t'cavotio 
atthe upper part, but softening into mud below. The clay contin 
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Along the bank to iha site of the tower, where it ends in a liirge ma-i 
of loose slaty rock, from which wuWr trieklea rApidly. The soutli 
side of the tower Bxcaxation shows only gravel. 

Tliese appearantos demand careful conatderation, for they indicate 
a state of affaire invotving both serious dangers to bo ovurcotnc, and 
costly extra works to he planned, and the payment for thum NUif- 
facwrily arranged. 

Tbo operationa which will be necessary in the present case will be 
best understood by going through a process of reasciain* similar to 
that which should occupy the superintendent's mind on viewing the 



O I ny Stratum. 



The appearance of the hard clay stratum a short distance below 
tlie gravel at tlie upper bide of the excavaiioo warua us that it is first 
of all necessary to cut off the water, which in runy 
weather will soak through the gravel, and coUecUog 
in top of the clay will follow it down bill in a wide, shallow sheet, 
o that the foundation wall, at thi. line where the clay stratum come* 
against it, would soon be soaked. 
We have had the trenches cut eight 
inches wider than the wall, express- 
ly for tlie puriKise of allowing this 
X be built up smooth and independ- 
ent on Ihc outsidi!, and protcctii^ 
it by filling the vacant space with 
' gravel, which will intercept a put 
of the descending sheet, but lliis is 
not enough; a trench must be dug r 
few feet in front of the west wall 
of the church, deep enough to cut 
"■ '' into the clay atralum the whole 

length. If the clay beil sloiiea northward or southward, as well as 
eastward, the trench may follow it downward, discharging into one of 
the road drains. (Fig. 26.) If its section in that direction is hori- 
zontal, the trench may take the form of a shallow V, with an outlet 
at eacli end. These trenches am to be half filled with loose stones, 
covered with straw or liaj', and tilled up with gravel. 

The water descending the hill on the surface of the clay stratuih 
is thus completelj intercepted, and if it were not for the ledgd of 
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rocks, irhk-li, as we liavit aseertaineU. extends beneath the clay bed. 
lliere woulil be an need of uny further preeautions, unless to give a 
Uttlc ejLtra ileptli to tlio trenches in Iliu day, to insure against the 
effects oi fruBt, irhiL-h will pcnulratc a fool ileeper in a clay soil tbau 
in dry gravel. 

But by closer attention we shall And tliat the clay bed is uDiformU' 
hkrdesl at the top, and grows softer downward, being softest juat 
above the ledge. This means that tlio rain (ailing on the hill nhove, 
filtering down through the gravel and clay «trata till it reiicliea the 
rock, b there arrested and compelled to descend along it^ surface, 
working its way between the itone and the overlying clay, which it 
redncee to aniud so thin, after protracted wet weather, 
that the superincumbent material will slido along the "^^J^'JJg^"" 
top of the ledge thus lubricated, if any way is open for 
it to escape. The indications are that the ledge extends along the whole 
western lino of the building, and by excavating tbo church cellar, a 
space will tie open into which the clay, pressed upon by tbo weight of 
the walls which come over that portion of the foundation, will be able 
to force its way, the cellar floor rising and the wall settling, as the 
■oft mud beneath is squeezed out under the load. (Fig. 27.) Tliis is 
no ima^nary danger. 



seqaenco of the oper- 
proposed. How 




Iw 
changed to meet tlm 
difficulty? 

It might be possible 
to cut an intercepting trench in the ledge, similar to that by which we 
propose to cut oft the water descending on the surface of the cl»y ; 
but this would bo expensive, and there might be seams of loose rock, 
like that found under ttie lower, through which the streams would run 
In tlie interior of tho ledge, and coming again (o its surface below the 
trench, would render tliis useless. 

Iili«ht not tho foundation be carried through the clay to the rock 
itself? 

This would be efFectunI in preventing settlement, but from the In- 
clination of the surface of the ludgo e.vpoaed undur tho tower at the 
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north-west corner, we can roughly esiimate that the nx'k under the 
oortli-vrest anglb woultl be nt least ten ii>et below the cellar bottom, 
and to carry the (aunilation to this depth would odtl mtiieriolly to the 
cost of the building. Besidcii, it would be hardly wiise to dam up the 
deecending water by a continuous wall, which would be in daa^r of 
being gradually undermined by the flow. Rather let us bring up {ners 
[rum the roch, with archos below the cellar lloor len:l, and the wall 
oan then rest on theas archca without danger of BOttlemont, while the 
water will find ita way Jxrtween them and conlinire its courec, far 
enaugli below llic eellar floor to do no liarm. For these pierx we will 
!, whieh will bo mueh eheaper than briek or done masonry, 
t belter the undermining action of the subterranean 



A abort dclibcralioii is needed to convince us that this is the best 
mode of orercoming the difficulty, and the arches are marked out on 
the foundation plan, through the whole extent of the weet front, 
leaving tlie largest opening in the middle of the wall, under the great 
west window. Whether aimilnr arches shall be continued under the 
north and soutli walls U next to be ennsidered ; but these are so much 
lighter than the west gable wall that their effect on tbu clay bed 
would be far less; moi'cover, this bed is hero at a much greater dis- 
tance from tlie surface, and, most Important of all, the effect of a 
vertical pressure would be to press it outward, instead of inward 
toward the excavation, so that the weight and inertia of the whole 
depth of gravel above it will operate to keep it in place. There is 
iomc danger of unequal settlement at the junction of these walls, 
which stand on slightly compressible gravel, with the west wall, which 
by its piers extends to the incompressible rouk ; so we will cnlargu the 
footings of these walls near the junction, thereby spreading the 
weight ovet a largo surface, and reducing the land on each Njuare 
foot of gravel so far that it will be borne without any yielding. An 
additional ux inches on each side, obtained by adding one course of 
footings, will BiilHue, if the stones are reasonably flat, and making a 
luemurandum of this wa jirocecd to consider the foundation of the 



Here there ii 
where above or 



doubt as to the support, the rock being every- 
ir the level of the footings. The point rei]uir- 
is the spring of water flowing from the seam of 
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loose rock. Tlit^re ia only one thin^ to be dioiiplit of; ttiat h, lo 

collect tliiB waler iu a covured receptacle vtilcb canDot overflow, and 

convey it by u tight conduit to a safe outfall beyond 

ihewallaoftliebuJliling. This will be somuwliat costly, "'in'^'o^U]" 

■bud the builder, and perhaps llie church coinmitti^e, 

desiroDB of avoiding needless expense, will ijiiulo the L-xfunpb of other 

structures in tlie n^ghborhood which liuve unvoverc'l springs in the 

cellar, and wliere Uiey are allowi-J to flow away fay an open oliaoncl, 

but the architect or superioti'udi'ut should nut allow himself to be 

per«uadei) by these ar;;umeiits. He will find, if I 

cares to inipiire, tliat in every one of the building 

mentkincd, the cellar walla and ceilings are drip|iin<j with n 

llie tir^t sUiry beams are blackening with incipient decay, the atruc~ 

turei tlienuelves are chilly and difficult to warm in winter, and a |>cn- 

etrating smelt hangs about them in summer, esiiecially aflcr rains. 

Tbet^e arc the bouses where die young people dia of consumption, 
one after tbe other ; ur the churches that one enters with a sudden du- 
preistOD of spirits, and leaves with a bcadoclia or a cold. Li't tlie 
•rcliiloct claim the authority due to superior knowledge, and refuse 
to sanction anything short of absolute security against water within 
the cellar wails. 

Forlunntely, there is but one spring, although that is a copious one. 
Sowing some fifty gallons per hour. We will therefore cxcavale, by 
pk:k aixl by blasting, a rough well on tlie lino of the seam, just out- 
side tlie cellar wall, and carried to a depth of at least 3^ feet bclovr 
the cellar floor. If there bad been several water-bearing seams, wo 
should have been compelled, instead of excavating the well outside 
the wall, to make it beneath tlie wall itself, by cutting the trenches 
two feot or tnare below tbe cellar floor, and putting in the first founda- 
tion Btonea dry, without mortar, bo that the water could collect in the 
vacant Spain's. This would keep the moisture from invailing the 
cellar, but the wall might bf damp from tlie water standing beneath 
it, so tliat a well entirely outside of the wall is preferable. We will, 
however, to provide for the possibility of water comiiig in wet weather 
ihrongh seams now dry, deepen the trenches about a fool, and lay 
the first cuur£« of stones dry, bringing this trench into coramimica- 
lioD with the well, so thnt water entering under any iiart of the wall 
will find its way to tlie well, A channel is then tn he maile, and a 
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tight l>>]'>i^ laid with cemented joiuta below tlie cellar floor fmin tile 
well, ocroaa Ilic tuwi-r and under llie opjnsite wall to the outside of 
the building, notil the grnvel is readied, where the pipe may end in 
a pit tilled with loose stoa«t. 

Having plainly indicated the anihes, piers, draiiiB and well, the 
ijuedtion is to be settled, — Wlio ihall pay for all this extra work ? 

The prineiple to be kept in view in tlie deeiiiioa is (Lat, unless 
some special agreement has bvea niaiie, ihc builder cannot be obliged 
lo pay the cost of extra foimdaliun, couL-rete, or other works ren- 
dered necesaary by peculiarities of the ground which could not 
have been reasonably expected or foreseen when the contract was 
signed : he is, however, assumed to have examined the ground where 
Ihc pruposecl building vtAf to stand, unci lo Imvc included in Ids con- 
tract price the risk of commuu defects, sueli us clay beds in gravel, 
rock in a spot where the led;^e appears on tlic surface near by, or of 
eprings in any soil. 

ould have bveu lo bore at different [HDints 
out iLc depth and nature of the soil, and 
o draw the foundation plans and specify 
is rarely done in ordinary buildini^s, and 
fm ranch to come to the rescue in (Jui com- 



around the building, to lind 
by the ligiit of these t«sts t 
ihe various works, but this 
the object of tins 



3 of foTgetfulncss, omission, or unforeseen dilBculty, as to 
point out the course which would be absoiutely the best for all 
buildings. 

In the present case, it is decided that, the clay seam being a com- 
mon occurrence in gravelly soils, the contractor shall ln-ar the expense 
of the trench and drain for cutting off the water which would Ilow 
over its surface toward the building; and shall also 
Apportionment ^^^ f^^ jj^^ drain lo carry off the spring-water from 
under the tower; hut that the cost of carrying down 
of the west wall beyond the point shown on the 
Ira widtlk of footings under the north wall, and tiic 
nccesBiiry blasting under the tower, shall fall on the ehureh, for the 
reason that tlie ledge did not appear above ground anywhere near 
the site of the buil'ling, and therefore its existence fo neur the sur- 
face as to interfere with the foundations would not reasonably be 
inferred wiili sulEcient certainty to form an element in (he contract 
price ; the same rule applying also to the clay bud resting on the rock. 



the foundatii 
drawings, thi 



Tlio new vrurk xboulil bu clearly described ia a suppremenlary 
spfclfiuiitiun, giving thu proportion of cfoicnl, eand, and pebbles in 
tbe concrete, menlioning the largo flat stones «liicU aliould form tile 
nppcr partoE the piers, and fromnlui;!) tlic arelica will spring; ru- 
quiring iLat the arahes sball be built on centrca, of good, liord brick, 
in mortar made with one part sand to ona of cement, in (our row- 
locks for tho amall arches, and Gvq in tbe large one ; with any other 
particulars which may make the meaning mure clear. The drawings 
should be rectiSeil by notes onil diagrams in tlic margin, k record of 
all the facts, with copies of all instructions and ordera, kepi by tbe 
■uperintandcDt, and a price agreed upon, lietting off against the cost 
of blasting under tJie tower tbe amount of earth excavation saved, 
and tbe value of the rough slono obtained. An additional agree- 
ment, embodying the supplementary specificaLion and the extra price 
agreed upon, is drawn up, signed by both parties, and attached to 
the original contract, and tbe work is ready to proceed. 

All tliis sounds long, but it is time well «)>ent, for a few hours more 
in arranging the preliminaries will savo days as well as dollars to 
both parties in the final settlement. A glance at tbe rough stone 
delivered, with an admonition to tbe builder l« get tbe footing-stones 
as flat as possible, and the summary sending off the ground of a lot 
of staging lumber which has just arrived, containing a number of 
knotty and sbaky poles, calling; the builder's attention at the same 
time to their rejection, may terminate our duties for tbe day. 



THE THIRD AND FOURTH VISITS. 

Very icon after these affairs have been agreed upon it will be 
necessary to make another visit to the building, to see that the 
execution is rightly begun. 

We find the excavation finiiihed, the blasting done under the tower, 
tLe collecting well and pipe completed, and the fouadation-wall under 
that part already »ome Rvo feet high. There ia no other stone-work 
narted, and thinking it a little strange that this, tlie most difficult 
point of the work, should have been begun lirst, we examine the wall 
minutely. The inside face looks all right, the stones being perhaps a 
little small; but tliat may bu tbe way tlie stone runs, Outsiile, tbe 
gravel has been filled in nearly to tbe top of tbe stone-work. We 
borrow a crowbar and force It into the gravel outside the wall in 
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H-veral places. Except a softnens of Uie luaterial, irhieh ebows that 
it tia* not been properlj' rammctl, or " puilJled " by wetting it tbor- 
oiigbU, Ml aa to pock it closely into its place, we observe nothing onl 
of ikc way until we approach ttie comer, wliuro for eunie fcwt tbe 
bar, initeaU of sinking; its full kogth, close to the ouieidu of ibe walL 
itrilces sgainit die solid roelt not far down. Wb tall ibi; foreman 
anil ank bioi if ibe foundation-wall stacdB entirely cleur of thu 1l'(Ii,'». 
tie huxitatcB, and finally replies that the ledge, after being cut away 
through part of the tbicknera of the wall, Bbowed euch a " nice llat 
top " that it seemed a pity to escavale it any farther, and he had 
therefore built up a thin wall againit it as high as tlic top, and tlien 
built out over the rock to make the full thickoeHof the wall as sliown 
on the plans. He adds, with great apparent confidence, tliat ■* noth- 
ing can bo better for part of thi< wall than Ihe solid rock." 

This explanation ii specious, but in practice is dangerously lui*- 
leading. In a wall so built, the water will (ind its way either lliruugh 
the imperceptible «eams of 
the ledge or over its 
into lite body of the mason- 
ry, keeping it constantly I 

damp. Moreover, there is-.^ 

a Berioua risk that under 

the heavy weight of the"! 

tower, the thin lining wall 

built up against the ledge, 

but in no way bonded to 

it, would separate from it f>( 98. 

and fall away, leaving the superincumbent masonry most insecurely 

sup[K)ned. 

There is, besides, the certainty that the foundation-wall, built partly 
on unyielding rock, and partly of small stones laid in compressibld 
mortar, will settle unequally, and crai-k, perhaps dislwnting the 
masonry above, and at least opening an inlet for moi<iture- The 
work must therefore be immediately taJcen (town to the terv founda- 
tion, And the ledge cut away so as to leave amjile space for tlie whole 
thickness of the cellar wall down to the footings, with seven or eight 
inches ailditional room outside the masonry tc) enable it to be properly 
pointed, anil for packing in behind it a screen of gravel, which will 
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intereej)! nnd carry safely iown to the drains whatever water niiiy 
ooxe llirougli tbe veins oE thu rock. The fforkmen niil probably 
profcGs never to bave heard of a foundutiun in which the biiQk was 
not inu-DtioDiitly cut just Co coiDi;ide with the outside 
line of the wall, BO thnt thi» could be built up directly oiroung^fgo^ 
ngunst it, thereby saving ihem ull the trouble of Wallfc 
■electing stones for this side, so aa to have it smooth ; plumbing it, Ui 
get it vertical ; and pointing it, so as to liave it impervious. It is 
true Uist tiut h tlie common method of cheap builder^ but it is not, 
and slioulil not be, countenanced in work of any importance, even 
in dwcllin^houses, except of the ligbtest and cheajiest kind. 

A wall built in this way (Fig. £9) in neither safe nor aalisfac- 
tory. The julnts at the back, being concealed, are usually devoid of 
mortar, or if any ia put in, it falls out again, 
■o ihat A gradual compression of the outer 
portion is liable to take place, as the weiglit 
of the superstructure increases, buljpng the 
inner face of the wall toward the cellar, and 
the nnfUled cavities next the bank collect the 
wat«T which tricltles down by them, and con- 
duct it into the heart of the masanry, while 
the projecting points of the larger stone.i 
imbed themselves In the eartli, so that when 
thi* fret-'xcs and expands, the wall is often 
lifted as if by a number of short levers, dis- 
locating the joints and making channels tor "'' '"' 
moisture through ihem. It is actually much more important to 
have the outside of a cellar wall smooth than the inside. If the 
■tones are selected so aa to show a good face on the onler surface, 
the joint* well Riled with cement mortar, and pointed with <Iue 
emre as the work proceeds, holding the trowel used for pointing 
obliquely, so as to " weather " the joint, as the workmen say 
(Fig, SO), any moisture which runs out from the bank, or descends 
from above, and fiows down over the ouI«r face of the wall, will, when 
U meets a joint, drip olT, falling on the inclined surface of cement, 
by which it will lie conducted nafely over the edge of the next stone 
to ron down and drip off again, until it reaches the bottom, where it 
passes off in the drain, without having been able auiwhero to pene- 
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tratc into tlie masonry. This esseDtial point ii 
uf llie harilest to tntorcu. It is bo habitual with ordinary workmen to 
neglect Uie portioDS which will be i:oiic«ated, and «KptiiicI their slcill 
on Iho visible inner Burfitce, thai 
some explanations given to Jndi' 
viilual men will tie neceasnryi e«- 
pti'inllv of tbu proper method of 
poinliiiff, bendcB a good Jen] of 
wiilciiing.to see tbattlie Jiruciions 
aru folio wed. 

Having given the requisite orden 
for taking down tlie objection able 
masonry, excavating the ledge 
pro]jerly. and rebuilding in the 
manner described, we will pur»ue 
our lour around the building. Close 
by we come to the pits prepared for 
the concrete piers which are to ex- 
wall down to the rock. The sides of 
led by a shoring of planks and beams, 
ing order* l( 
re that the ledge is exposed a 




the bot- 



tend the foundi 

the deepest holes are susl 

and iJie contmctor is awi 

examine the pits to make 

tom, an<l clear of clay, which would prevent the 

attaching itself to the rock. The deepest excnvati 

struck n spring, which runs copiously over tlio surface of the ledge 

at the bottom, and the coutractor says, with reason, that the cement 

will be washed out of his concrete us fast as he puta it in. There is 

a remedy for that; but before beginning the concreting we must test 

the quality of the materials. Meanwhile, we send a boy to fetch a 

doEen yards of oiled cotton clotli. 

In accordance with our previous directions, the contractor has 

screened the gravel which he |iropoacs to use, and 
H^aKl'ni? '*"* ^"^'' P'^'"'' '* leaped up on one lide of a large 

plunk mortar-bed, while the coarser pebbles arc piled 
iin the other. The line gravel, or rather sand, when rubbed in the 
hand gives a dry, crackling sound, and is prlekly^ to tlie skin. We 
wet some of it, and ^^rasp a quantity. On ojiening the hand It will 
not retain Its shape, but falls down loosely, and cloes not soil the 
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akin. It IB Uierefore thorp and clean, euitablc to be used for mortar 
or coDtrrele witUuut wtisbiog. If it should iiappt'n that the auui U 
very 6ne, it may Ptill be used, if sharp and clean, but «__h 
the proportion ot fine »and by mt-asure to a given 
qaantit}' ol cetnent bLouM be less than that of t'oarae. and the coarser 
kinds are much to be preferred. The rounded pebbles screened out 
of the gravel are free from earth or clay, but Eome duaC clings to 
them, which would prevent the perfect adherence of the cement to 
their surface, and we direct them to be thoroughly washed by throw- 
ing buckets of water over them. 

Same oHieious individual has added to the heap a quantity of the 
■ngular fragments of disintegrated ro<.'k from the tower foundation, 
but these, although excellent in shape, we lind to bo somewhat coated 
with the clay which lias been washed into the rock seams, and there- 
fore unlit for concrete unless washed clean. This would be a long 
process, since any admixture of clay clings very persistently to rand 
or stone, and is very injurious unless entirely removed, so, as we 
have an ample supply of cleaner material at hand, we order all the 
eityey fragments to be taken away. 

The cement is next to be passed upon. Of Uiis we lind ready for 
Qt a large number of barrels, bearing a great variety of brands, and 
gathered from the slocksof all the local dealers within rca*:h. Among 
them are casks from the Newark Lime and Cement Company, P. O. 
Norton it Co., Connolly & Shafer, the James Cement Company, be- 
sides a few barrels with other marks. The mason is in a hurry to 
begin, so we tell him to use at once any of the F. O. Norton or the 
Newark cement that baa not been damaged. The first ciisk of these 
which is opened contains a crust of hardened cement three or four 
inches thick, but the enclosed portion remains in its normal state of 
fine powder. We order the crust to be rejected, but allov 



portion 
casting a 



o be used. The other barrels 
a eye now and then on the mi 
lotiously one shovelfid of cc 
thoroughly mix the dry sand and ceme 
proceed to test roughly all the brands of 
we are not familiar. 

Masons have various ways by which they profess to form an 
opinion ot the goodness of cement. Some dip their liands or arms 



uninjured. Meanwhile, 
■tar mixers to see that they 
nent to two of sand, and 
it before adiling water, we 
ement before us with which 
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iiiiu tbe barret, and if ilie poirder feels warm they proDounce U 
giMil ; iilhers tasle il, and if it bil«s tlic tongiio ikay call it fluilable 
Tar^ifiK '"^ ''^' *''° "t'^°3t'i of ll"^ ciiiiicnt being auppoatil lu 
Osmsnt- be pruportioaal to llic intensity of the bile ; and ilien.' 
18 another common belief tlitit the dark colored Rosendale t'ement h 
stronger than ibe light. It is needless to say that all these tests art 
simply worlliless; in fact, they are principally employ ud to impose 
upon modest young architects, vrbo can sometimes be deceived by 
«Qch mysterious performances, the result of wbich is sure to be in 
accordsDco witii the mtere?ts of the party upplyiug the testa. 

Let US cast aside these divlaations, aad taking a handful of cement 
from an average barrel of each of the brands, mix. it with irater into 
n cake, put il in the sun, or in any dry place, fur half an hour or 
more, till it acquires such a consiiitency as to be barely indented by 
the presiure of the end of a match or a slick of equal size, cut 
square, and freighted by resting a briclc upon it. Place the cakes in 
somti regular order, «o that the different varieties of cement of wliicL 
tbey are made can be distinguished, and as last as they reach the 
requisite hardness, put them into a tub of water, till all are immersed. 
Note tbe time required for each one to reach its first " set " in the 
air. Finally, make a second series of cakes, and leave them exposed 
to the air, wilhout immersion. 

By ihia limo a bawh of concrete is mixed ; lliu aand and ceuicnt 
have been thoroughly mingled until no lumps of cement or sandy 
streaks can be diMovered in ibe heap, water is then adilcil, not in too 
great quantity, but enough to give a pudding-like consistency to the 
mMS, ond the wbolu is well slirrt-Hl and shovelleduver again; then tbe 
stones, vbicli have been well wet before putting tliem Into the moi^ 
tar, are added, and all mined quickly, but tborougblr. If vreU mixed, 
the bullc of pebbles may be double that of the mortar. The object 
of wetting tlie stones before adding them is to wash off the light dust 
which very rapidly settles on them, and prevents the adherence of 
the cement. The moisture of tlie mortar would wash the stones clean 
by long stirring, but time ii of importance, and it is best and easiest 
10 dash on a few buckets of water at first. 

We begin with the dce|iesl pier of concrete, — the one which has 
to be laid in a stream of running water. Taking tlie oiled cotton, 
which bas by this time been brought, we fashion it into a iarge, 
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m<le bag, nearly wftter-ligbt, whicb is taken down into the hole 
nnil fillet] witli concrete. The water rises nrounil the edge, but not 
enough to ovcrllow the mas^, and a(lcr pnckin; 
lidly doirn into its place by means of i 
rammer, we leave this, and proceed to put a layer 
into each of Uio other excavation*, throwing it in from ihc top, so aa 
U> compact the mais fay tlie momentum of the fall, as it is not easy to 
reach it with wooden rammers. After dividing the material already 
mixed among all the piers. Ilie caiitretitig «lioiild be stopped for the 
day. and the men put oa other work, aa we are more liktly to obtain 
s compact mass by putting it in the pits in twelve-inch layers on suc- 
ces^ve days tJian by fillidg in the whole body at once. The holei> 
shoald be covered with boards U) prevent rain from washing in sand 
oo top of the layers already deposited. 

The next day, after our regular preliminary tour, Urst outside and 
then inside the building, we examine the samples of cement which 
we made up the day before and laiil aside. Tlie specimen oE the 
Newark Lime and Cement Company's cement left twenty-four hour* 
ID the air is found to be (|uii« hard, and breaking the cake with a 
slight pulling strain, much bs it it were a stick of candy, we find 
it to possess a very sensible tensile strength, and the two bulveB sep- 
arate with a clean fracture instead of crumbling. Tlie cake of the 
same brand left in water retains its shape, and has increased con- 
siderably in firmness. Tlic cement may therefore be pronounced 
good, as is usual witli lliat brand. 

The F. O. Norton samples, both in water and in air, show similar 
[{ualities in at least an etjual degree; and all the barrels of this 
brand which on tioing opened show no signs of caking are accepted. 

The sample in air from the barrels marked "James Cement Co." 
ia tjuite bard, harder than either of the two preceding, and a 
■light bluish efflorescence, like inoulil, hm already begun to appear 
on its surface, but the specimen left un<ler water lias crumbled into a 
soft heap. 

Of the Connolly & Shafer manufacture, the portion left in the air 
retains its shape, but has not ai:quired much consiEtency : it crushes 
in the fingers like clay. The sample in water is nothing but mud. 

It does not necessarily follow, because this last variety sets slowly, 
thai it is essentially bad, but it will be unsafe to u 
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1 tbe mfwonry, i 
should show much bettor qaalities, wi 
that hrand. 

The Jnmes cement, which sets quicklr and hard {□ aJr, bal under 
water breaks up ani) crumbles, should bo rejected for the concrela, 
but may be used for the masonry If the rapidity of its setting 
should interfere with its convenient use, as will very likely Iw the 
cose, cepecialty in hot weather, it should be mixed with a small por- 
tioa of limo. 

If nono but James cement Bbouid be obtainable, or other brands 
having similar characteristics, let the superintendent try trtiuther a 
sample of it luixeil with half its bulk of slaked lime and maile 
inro B bull will set bur^l under water; if so, it may be safely used in 
that way, even for concrete. 

Some of tbe quickest-setting Roecndalc cements, wlicn immereed in 
wBler without having previously aci[uireil a certain degree of hanlness 
in the air, will set rapidly, and immediately crumble again, and never 
acquire any subsequent consistency. With sach it isoftcn found that 
the addition of a small quantity of lime will confer upon it the quali- 
ties of the better cements, causing it to set perfectly under water, and 
improving it for use in air by retarding tlie setting slightly. With 
the very slow-setting cements little can be done unless there b time 
lo wait for them. Tliey may do for adding to lime mortar in stone- 
work above ground, where it is desirable to harden the mortar, but 
for foundations, on which tlie weight is to be rapidly added, or in 
work under water, it is best to avoid the use of any cement whose 
setting b found to bo uncerlain or long ilelayed. 

It is unnecessary to say that these tests are by no means such as 
would be used for engineering work of importance, but Lbey will do 
well enough for rough dc terminal ions, and an ample margin of 
strength is, or should be, always left in lite smaller operations of con- 
struction. More accurate methods of judging will be described in 
treating of city buildings. 

In the course of our preliminary tour around the works we noticed 
with surprise that ono of tbe concrete piers was already finished, and 
tbe top nicely smoothed over, and having completed tbe tests of the 
cement, we return to inquire into tbe matter, taking the foreman 
with us. We examine the ground closely, and notice some stray 
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pebble? dropped around the edge of the hole, and some such diolo^e 
takea jilaee as the following : — 

SuptrinlendenI : — " Mr. Foreman, how did you get this pier done 

W EOOD?" 

Foreman: — "Well, sir, we hurried a, little on this pier, bccinse 
we w&ntwl it to ^t set before it rained, and " — 

SuperinltTuhni : — I left word lo put in only twelve inches of con- 
crete at a time in cat-b pier." 

Forrman: — "O law, sir, that aint no way to build a pier. There 
aint no one can tell mt nothin' about concrete. Thal'a an nice a job 



Superinlendenl (remembering the scattered pebbles) :- 
didn't put the stones in dry and then grout them, did you V " 



'You 



" Well, sir, perhaps, - 
do where you havs 






c and take that all otil 
int tlicrc is in it, but il 



Foreman (slightly taken aback) : - 
we did: you see, that is the best wi 
coarse sand, and then " — 

Superintendent : — " Gel some one I 
is impossible to tell now how much ce 
not begun to set, so if you will take it back to the pen and add a 
shovelful of cement lo every two shovelfuls of this, and mix it well, I 
will let it pass to put into all the piers twelve inches thick." 

Foreman (deferentially) ; — " Yes, sir, anything you say, sir." 

Pursuing our way after this little episode we come to a squad of 
men laying toating-s tones for the clerestory wall on the gravelly bot- 
tom. These must be carefully looked after, for the 
weight of the clerestory wall being concentrated on '"^efoH,^" 
the piers of the arcade will try the strength of the 
hoadation very seriously. The drawings show a continuons foun- 
dation-wiU, but no inverted arches, it being imiiossible to get the 
necessary abutment for these without considerable additional ex- 
pense, and it is therefore necessary that the masonry of the founda- 
tion should be well bonded together longiludiually, so as to receive 
tlie pressure as a solid mass; otherwise tlie settlement will be greater 
under the piers, and the worit will bo dangerously dislocated. 

Most of the footing-stones on the ground are good flat pieces, but 
here and tbiire are some misshapen lumps, and one of the»e, just as 
we come np, is suspended to the derrick boom, ready to lower into 
it! place. The men have tried faithfully to hollow out a basin in 
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■Jie gravelly bottntu of the trench W fit llie irrcgulikritics of l]ie s( 



but wbeQ this is lowered i 



s place, it rocka unsleodily. It ii 



raised again, and tliii bcJ remoilellecl. This time the stone Uta better, 
but it mill unsteady'. The men arc discussing whether la let it gn 
SIS it is, or try again, wht^n the superintendent cumet up, and ate[i- 
ping upon tlie stone rocks it until he is sstixricd that there are no 
large cavities beneatli. Sending for bufkels of water, he directs 

line gravel to be hi'sped around the stonu, picking out 
''""wowr.""''''" pebbles and lumps, and the water to be then llirown 

on, pailful after pailful, or, still belter, a stream from 
a bose to be directed upon the raass. The water settles away tlirough 
the sand, searching out all cavities into which it can flow, and car- 
rying particlns witlt it wherever it goes, which gradually compact 
themselves in the hollows under the stone until it can no lunger be 
moved. This puddling process is continued a little longer, to make 
snrc that a full and perfect bad is formed under the stone, and di- 
rections ore given to do the same with all the levellers which have 

Where the l>ottom of the trench is clay or rock, a thick layer of 
cement mortar should b« spread to bed the footiug-stones in, for tlie 
pur{H)!<e of filling up all cavities between tlie substratum and the 
stone, but in ^avelly soil the puddling with water is often much bet- 
ter than the bed of cement, especially with stones of very irregular 
shape. This expedient for filling in cavities under nod around ma- 
sonry is capable of still more extended use. Tlie writer once knew 
a case where a church tower hod been nearly completed upon a 
foundation badly built and with joints only half-filled with mortar. 
The tower began to settle, and the contractor for the superstructure, 
a man distinguished for his boldness and ingenuity in emergencies, 
sent for the town fire-engine and a quantity of fine sand, and putting 
the sand into the tower cellar, kept the engine playing upon it for 
half a day. The floods of water found their way out through every 
crevice, and wherever the water went the sand followed, until all the 
cavities were poclced full. It was heroic treatment, certwnly, but 
effectual ; the settlement ceased, nnd tlie lower stands perfect to this 
d.y. 

Let us look at the stone delivered on the ground for (oundntion- 
walls. It is of various kinds, some pieces being slaty, some tough. 
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irith roDDdod earfaces, like fragnicnts of boulders, ns llicy probably 
are. Many blocks of the greenstone from tlie tower exeavation 
arc to be aeeo, anil LLe»c ebould be examined with bus- 
jiicion, tor fear of almost invisible crncks, which will let ifton"' 
tlti^ WAter soak tiuwly through, besides unfltting the 
stone to resist a strnin. To test them, they ahoulii be struck with a 
hammer. If they ring clearly, they are good ; a seam, even it invis- 
ible, will betray ilielf by the dull sotind wliich tollows the blow, The 
boulder stones are usually good, if not loo much rounded. One side, at 
least, should lie quite flat, to form the bed. Slate stones vary in dif- 
ferent localities. In tome pliiccs they are of immense strength if 
placed Gat iu the wall, and furu admirable material ; in others, espe- 
cially in eastern Massachusetts, the tendency to cleavage in the second- 
ary plane? , ncross the laminie. Is so decided that the stones, although ap- 
parently sound and strong, will break across after l>eing placud in the 
wall, as soon Astheweight of [hesuperstructure comes upon them. This 
is a most annoying defect, as the stones cannot then be taken out, and 
the parts often separate a ijuarter of an inch or more, making a team 
which it is difficult to close by pointing. The only way, when a ten- 
dency is noticed in the stone to break up into fragments of regular 
crystalline form, is to avoid using it in long flat pieces, for lintels, 
bond-stones or templates, or in any other position where it will be 
sabjeetcd Co a cru!i< strain. Tlie softer lime and sand stones, when 
used for foundations, are much less liable to suth defects, but being 
somewhat absorbent, special pains must be taken to isolate tliem from 
tbt^ banks of the excavation by a backing of sanil or gravel, and to 
provide for thoroughly Intercepting and draining off the moisture 
which might come in contact with them. 

An inspection should now lie made of the lime, and opportunity 
should be taken to ini]uire into and criticise tlic methods that the 
foreman propoKS to employ in mixing the mortar for 
ihe upper portion of the mniionry. The barrels liarc, 
we find, been piled on a slightly elevated spot, tlie ground descend- 
ing in all directions, so that water may not during heavy rains run 
down against ihcm. Boards have been placed underneatli, to keep 
them from the dampness of the ground, and a covering of boards 
has been laic! on top, to shelter tliem frum storms. Tliis would not 
be suHicient protection in ordinary cases, but the contractor tells us 



4« 



BiriLDCa aL-pEKlNT£NDEKCE. 



that ho iateniJt to buUil up the founilstions of Qk chancel at ODce^ 
and l»y the Qoor over Uieui, wbkh will give him a dry place (or stor- 
ing materials, and we ocquietice in thia arrangement. Two or three 
of the caHlcs in the pild have burit open, and looking in we sec Bomo 
tif the lumps in tliem crumbW down into eoft powder, while others 
are hard, but remain inert when dipped in water. These are dam- 
aged caska, and must be rejecltMl as worthlean, however good the 
original quality of the lime may have been. A large part of the bar- 
rels are marked " ground lime," and contain a iling/-colon-il lime in 
powder. This, if not damaged, will make good mortar, although it 
slakca <)uiotly, and if not pulverized will not slake at alL The mor' 
tar of common ground lime is slightly hydraulic, and will harden 
under water. In general, tlie hydraulic limes, which will harden 
under waler, or in damp situations, without admixture of cement, 
slake quietly, and need to be ground after burning, while the fat 
limes, such as are used for plastering, slake energetically, and are 
better kepi la lumps, so that they may not be slaked by the moisture 
of the air, while the mortar made from them liardens slowly in the 
air, and under water, or in damp soils, never, unless cement is added 
to the mixture, which is usually done where they are used for maBonry. 

There is one singular exception to this rultt among the American 
limes, of which we shall perhaps find some examples in our miscella- 
neous heap of barrels. Let us open that old dour-barrel, without 
mark of any kind. We discover it to be filled with a black sub- 
stance, in lumps resembling cinders. This black lime is made from 
a beautiful pink marble, and slakes fiercely in water, making a dark- 
colored mortar, which sets like a strong cement. Two or three other 
casks, containing white lime, are destitute of brands, and their con- 
tents should be tcBicd hy putting a few lumpb from each into water. 
The lime frum one slakes quickly, but only supcr6cially, leaving a 
harii pore. It is iherufore underburnt, and must be rejected and 
sent otf tlie ground. The lumps of coru, if tillowed to get into the 
mortar, would be liable to swell afterwards and crack the joints or 
throw off the pointing. Another barrel contains ovorburnt lime, 
which remains inactive tor a long time in the water, even when pow- 
dered, at last slaking slowly. This must also be discarded; it is less 
valuable than so much sand. 

The other barrels are stencilled " Rockland," "Rotkport," *'Ca- 
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Daui," " GIl-ds Palls," " Tboniaslun," orotliur well-lcnuurn branil»,uid 
if not diuungeil by water or bv grailual oir-alakiug, arc probitbly all 
good eiiougli for making *loue inurtar wiib an admixture of ccmeat. 

Id mixiDg ihu mortar tbe foreman »liouId be persuaded, if poBsible, 
to put on all the water for a batch of lime at unui?, inHt4:ad of hy succes- 
Mre buckets, witlj inlervaU of stirring between, tberL-- 
by cbillinv Uie lime as fast as it begins to heat. Even 
fiUiog tbe pen with a hose u too long a j)roceEs for Becuritig tlie beat 
ranilts; with very active lime tbo most succeseful mode is to pour it 
in a u&sa from a large oaslL. The proper quantitjr of water U one- 
anil-a-hitlf barrel to each barrul of average lump lime, and tliis 
■hould bit measured as accurately as possible. If too muclt is added, 
the mortar will be thin ; if too little, it will be thick and become dif- 
ficult to work as the Klakiog proceeds, ea that tho mixer will add 
more water to the mass, tbervby chilling it and putting a Rlup to the 
■IskJllg process, and a, granular, lump/ mortar will be tbe result- 
Much of tlio labor of gtirring would be eaved, and the ijualit)- of 
the DMrtar improved, by covering the pen, as soon as tbo lime lumps 
have been evenly spread over the bottom and tlio requisite proportion 
of water added, with a canvas or tarpaulin, and leaving it to itself for 
half BR hour or no, during wliich time the conllned steam and beat, 
sidiog the action of the water, will reduce the whole to a smooth, 
unifonn paste. 

On no account should the Umc be slaked on the bare ground or in 
a lioUow made by an embankmeut of sand. Such practices, though 
ibej stilt linger in eounlry districts, have long been obisolele in all 
places where good workmanship h held in huDor. A water-tight pen 
of pbuks, about four feet by seven, must bo made, with plank bottom, 
and (idea about ten inches high. This will give room for treating one 
cask of lime at a time. 

After the lime is slaked and all the lumps reduced to smooth paste, 
ll alioald stand as long ns possible before mixing with the sand, wliicli 
■nay, if the lime is good, be added in ibe proportion of two parts of 
■and U> one of the lime paste, or five to one of dry lime. 

Then is a common error that cement will take more sand than 
lime. This arises from the fact that in mixing cement it is generally 
allowable, unless great BIrength is rei|uired, to add sand to the drv 
cement jiowder in ihu proportion of three to one, or, as ibe mixture 
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is uiuaUy efToctcit, one Ehovclful of cement (o three nf sand, wherenR 
for lime mortar liiu rule of two parts by mcaajre of sand to one of 
liine /iiM'f ciinnut be cxixeded without injury ; but as tlie crudo lime 
Bwells in slaking; to about two and a half times its oriuinxl bulk, a. 
ijuantily of sand e(]ual to double llie lunount of hydratcd [laslc would 
represent five times Itio bu!k uf the ori);iDal lime lumps. If the cem- 
ent were mixc-d with water before adding the Band, which would be 
imposaible, un account of ita rapid setting, the result would be the 
same, sintre the cement expands verj' slightly, if at all, in xlaking. 

Our specifications rcijuire that the murtar fur foundationn ahould 
be mode with "unc-bAlf cement." Let the eontractor and bis men 
understand that this means one cask of cement to eaeh ew<k of limo; 
not on^half a barrel of cement to one of lime, as some moaons pre- 
Itind to interpret it. 

The lime mortar alone will stand for weeks unchanged, but the 
addition of cement causes it lo set in a few hours; it should there- 
fore be mixed only as reijuired fur immediate u^e. Some judgment 
and observation will be needed to make sure that tlic cement is added 
in the proper proportion, unless it is nixed with the santl previous ta 
adding this to tlio lime, which is not practicable unless it can be used 
immediately, since the cement would slake by absorption of moisture 
from the air on standing. The mixture should be thoroughly made. 
which will be shown by the uniform color of the murtar and the ab- 
sence of streaks or spots, 

SpeciSuations aru sometimes so loosely drawn as to omit all men- 
tion of the mortar. In such cases the character of the mixtare and 
the proportion of materials will depcn<l greatly upon local custom, 
but the practice of mixing the lime for mortar of foundation-walls 
with at least one-half ita bulk of hydraulic cement is so universal and 
so necessary, where ground lime or some other variety having hy- 
draulic properties canaot be procured, that it should bo re<]uire<l in 
all leases where mortar is used t>elow the ground surface. In wet or 
springy Boils, or for heavy buildings, the dose of cemcDt should be 
equal to thai of lime. 

As for the quality of materials, neither law nor custom presume 
any but the best to bo intended where nothing is said to the contrary 
in the specificationB. Under no pretext can damaged or inferior lime 
or cement, or loamy sand, be impoi»/cl by a builder upon bis employer. 
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Before bis next Tisit, let ibe fliipeTinltDdent proviilu himself willi 
a light BlevI rod : ftitl vrirB thrtie-sixwenibs or ain>-£ounIi o( an inch 
in diameter can be obtained at the hardware stores in pieces about 
five teet long, wbicit answer very wpll. Let liim divide hii inspec- 
tion as before : first a lour around the walls oul-'ido, tliea inside ; next 
a surve/ of the materials incido the excavation, and last!/ of tliotc 
outside- The concrete piers are found to be nearly dune. They 
should be completed and left for n week or two to harden. The 
footings are nearly all in, the masonry under tlic north and south ex- 
r aisle walls, is three or four feet above the cellar-buttoin, and 
the clerestory foundation several courses higli. The tower founda- 
tion is also started, and the drainage- well and trench in that place 
ready. We notice dust on the surface of the concrete, which other- 
e appears welt mixed, and is about as hard, and of much tliu same 
consistency, as ordinary sweet chocolate. By breaking oft a piece 
and rubbing il on the haml, a rough judgment can be formed of it* 
composition. If it contains too much sand, it will lack coherence, and 
crumble away. We direct that tbo dust shall be washed clean off 
the surface of the piers before the next layer of concrete is added : 
otherwise llie two layers will not adhere. 

Outside the aiale walls the gravel has been filled in as fast as tliey 
were built up. This is customary and proper, but wo will have a 
hole dug to satisfy ourselves that the outsiilc of the wall has been 
pointed as we directed. If not, we order the whole to bo dug out, 
the wall thoroughly wet, and the pointing done in a prosier manner. 
If all 13 satisfactory, we will remind the workmen to puddle the 
gravel fdling as fast as it is put in, by throwing on water, It water 
is dinicult to get, the gravel may be packed with wooden rammeri. 
In a ciuyey soil, the filling next tbo outside of tlie wall should not be 
of the excavated material, but gravel or cinders should bo obtained, 
at least for the lower parL 

As we pass around the building, we take care to look at the lines 
from which the walls are being built. They will probably be shown 
hy cords sirelcfaeil between tliQ battvr-Iwards, from which |>lum1)-lines 
hanging at inli-rvsls servo to transmit the required points to tlie cel- 
lar-bottom where the luen are ut work ; and the batter-boards should 
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be eiainini^l to see iliat the cords are attaclitil at the prop«r notche* : 
if ibesu arc correct, wc must observe wbetLcr tin; maMinry ia being 
laiil exnclly to Ibu lines so givea. Notliing is easier ibaii lo make 
mistakes in tbese respects at tlic outwl, wUieli nitl tic very dilScult 
to remedy sttcrwarils. It may oflun be observed ibat a fuw course) 
in D wall have been buUt incorrecily, and the line liaving bccD soon 
afterward recti iied, the masonry is built out, overhanging tliese courses 
cither on one tide or the other, so as to reeorer thoir jtroper poaitioD. 
Any such work should be immediately taken down, and rebuilt cor- 
roclly from the bottom. A want oE firmness and disiision in this re- 
aped on tlio part of the buperiotendunt will be the source of much 
greater troubles nflerwards. 

So far ax we observe, tliu workmanship of the wall is tolerably 
gootl : tlii< horizontal juints are well bniktrn, giving a good longitudi- 
nal blind, and tlie crops bond is moiniained by a sulli- 
cicnt proportion of stones extending through the whole 
thlckncM oF the wall. (Fig. 31.) If any portior 
notice where vertical joints came oi 

above the other (Fig. 32) through "jL ''''["lijliiyi''l'illlt !ir' 

three or four successive courses, we ( ' ij"":'h\^''.''.''i"~it~f^ 
should at once have ordered them 





torn down and relmill, but none appear. It will, however, be well 
to watch the mi>n from time to time, and observe their manner of 
working. The ac<|uaintance with their, individual characters thus 
formed will save inueii time subsequently, by showing us in what 
quarters to look most sharply for careless indifference to orders, in- 
tentional shirldng, and well-meaning ignorance, as well as wliere to 
expect intelligence, faithfulness and skill. 

As wc pass along by the aisle wall wc notice a mason at a little dis- 
tance haranguing his companions on some siibji^t^t about which he 
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feenu to have a flow of words, iE not of iUeu, Seeing us mniiog, 
be butil}' shovels up a (rowi-lf ul oF gravvl and stone cliipa from be- 
tide bim, and tbrows tbttm itry into a cavitj' in llie «toni>-wark before 
him, tbca dasbus a quaiiUl/ of mortar on tbe lop, dnd sinoutlis it 
over. To all Appearanue, bw part of the wall is done junt like his 
DeigbtxirK' work, but our auspiciona have been aroused, and we ap- 
proach and tlirust the steel rod down into tbe fresh nianonry. The 
supple wire iniinuatcs itself among tbe stones far down inlo tlie wall, 
meeting now and then with tbe slight resistance due to the si^ft mor- 
tar, but pvaetrating man/ void spaces of considerable size, which 
are instantly dut(M:t<Hl by the fveling. One or two otlier trials give 
the Bitnie result, and as masonrr so laid is liable to settln under the 
weight of the wnlU above, besides being permeable to water, wa 
order the maJi to take down his work and rebuild it with joints 
properl}' filled. He grumbles, but begins with a very jioor grace to 
remove the stones, while we remain near to see that our direction is 
Urictly complU'd with, testing meanwhile tbe walling laid by ibe 
other men, which proves reasonably satisfactory. It is too much to 
expect that all the voids will be completely filled, but the steel rod 
will (juickly show the diRerence between good ami bad work. Every 
man whose workmanship is once found lo be citrelosiil)- or inten- 
tionally defective should be noted, and the portion of wall on which 
each is engaged should be continually tested. 

There are other qualities in rough masonry besides a lar^ (iropor- 
tlon of mortnr whieh are cnscntisl to its goml quality, and about 
many of these also the steel wand will inform us. 

The usual practice of masons in ruugh walling is, after setting the 
larger sltnes, to fill the interstices with "chips," or even [lebbles, 
s carefully fitted, put in dry; then to dash in mortar, 
trusting that it will work its way into the crevices. It does so to a 
great extent, especially !f the wall is grouted occasionally with thin 
ar, hut the disboneiit or inditTerent men shirk the trouble of fitting 
in the smaller stones one by one, and content theroaclves with throw- 
ing in a lump or two of any shape, and then a quantity of small 
cUps, which cateli in the crevices and hang long enougli to allow a 
fair bed of morlar to be spread over them, hiding tbe empty cavities 
below. This sort of work is immediately delected by the steel rod, 
which can be felt to shako and dislodge the loose pieces. The very 
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bett trorkmen aToid either of these methods, and pUce no itone, 
even the Emiillest I'hip, except in a \nni <i( mortar prepared to receive 
it, rubbing it well in, and suttling it wiiji blows of the trowel or li&m- 
uier, again ilriving smaller fragments into the morlar whicli in 
sijueexeil up around it, so that nowhere does stono meet Monc with- 
out a cementing layer. The men who do work of lliis kind should 
be rein.cmbered, and the utbere incited to iiuilute them ns lar as pos- 
sible. 

The following points should be constanily and carefully observed. 
In laying the larger utonea, the workmen will of themselves set the 
smoothest face to- 
ward the visible 
side of liic wall ; the 
tcndcnl 
that tlie 

will be buried in 

the grounij, has also 
a good, smoD til 
fat-u; that tliu bot- 
tom b,i<l of each 

nearly so; or it not. 
that thu masonry 
on which it i,i to 
rest is brought u 




cliips to fit 
be- 



fore it is IrtiJ ; that 
— there are plenty of 
I headers, or bond 

aeross the wall from 
"*' "' side to side to pre- 

vent its splitting ; that long stretchers running lengthwise of the 

wall arc sufficiently numerous; and that nil angles are lied by long 
stones laid allernulely in cither wall. (Fig. 33.) 
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Care must be taken in buililing up the wall 1o keep in minil the 
poat^nn o( the window and door openings which are lo come above. 
The tendency alwnys is (or niasunry below a pier to lettlu under the 
vxcess of weight, down to Uie vary footlngii, tearing itielf awn)' from 
the lets cunipree»ed portion under Uic opening (Fig. M), to that long 
stoDea shoultl be built in, extending from the part under the pier 
to that under the opening, lo carry the weight out and Jistribule 
It unifortnly over the whole found*.tion. For the Ksmc rca!u>n. if the 
•ills of opvningB are buUt into the waJl, instead of being '* Mipped " 
in aflerwftrd*, they must be jiinnod up only al the enda, a clear space 
of half an inch being left between their under Bidee and the niaionry 
below them, which should not bo pointed up until the completion of 
the building : otherwise the settlement of the piers will carry down 
the ends of the sill more than the middle part, and it will be broken. 

The proper proportion of headers varies according to circuin- 
stucei, but in an ordinary foundation one stone at Ica^t in every 
space of five feet square should extend through tlie whole thickness 
of the wail. 

An opening should be left for drain-fiipes to pass out, and for water 
and gas pipes to enter the building, covered with strong stone lintels. 
Neither contractors nor their men ever Chink of this, unless remindeil 
by the superintendent, and in consequence, when tlio time comes 
for laying the pipes, ragged holes have to bo broken Oirough the 
wall, at JxD imminent risk of causing settlements. 

A very important element in determining the character of the 
foundation walling is the height of the masonry above it. Not only 
will a high and heavy wall compress a loamy or other yielding ground 
beneath it more ihan an adjoining light wall, but the mortar joints in 
the high wall, if laid in the same way as those of the lighter wall, will 
b« iquoexed into a smaller com)iaes by he greater weight ; a very 
considerable inequality of settlement resulting from the combined 
effect of the two causes, with consequent dislocation of the masonry. 

To illustrate this by the example before us : The tower at the south- 
west corner of the church, disregarding for the present the circum- 
stance that it will stand on a rock foundation, while the adjacent 
walls rest upon gravel and clay, is to be so high, and the masonry 
near the bottom so heavily weighted, in comparison with the Jighl. 
and low ftiale wall which adjoins it on the south-cast, Ihal it tlie lower 
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portion of ihe two were to be built up together, in the aanie manner, 
with etonea of llie same wio, in ordinary mortar, ibe coiii])ression of 
the niartar in the tower nniltr the incren^ing weight would be bo 
much greater than in the nisic wall that by the lime the tpire w»a 
finithed, of two !>tonei, one in the ainlu wall and the other in that of 
the tower, originally set at IliB lame level, the latter might be forced 
down two inches or more lower than the other; a movement which 
would cniise disloralion the whole height of t)ie aisle wall. Many 
stone church-lowers show thin effect, wliieh ean, however, he avoided 
hy proper care. There are three ways in which the difficulty may 
be met. One is to mako the lower masonr}' of the largest stones, aa 
high as the top of the aisle wall, making the aisle wall of small 
stones. In this way the number of joints in the high wall will be so 
much less than in the low onu that although the compression of each 
will be greater, the aggregate selilement will be about tlie lame. 
Another expedient is to make the mortar joints in the high wall thin, 
and thoHt in the tow adjoining wall thick. The third is to lay the 
high wall in cement, and the low one in moriar made mostly of lime; 
then tlie coauactiDB of theecmCDt joints being relatively much lest 
than with lime mortar, the total settlement can be kspt Beacly eiyial 
in tlie two walls. 

The ralionaU of the last method depends upon the distinction, 
which should never bo lost sight of, between tlie " ratting " action in 
lime and cement. Strictly speaking, pure lime mortar does not " seL" 
The soft paste resulting from the slaking process if exposed to the 
air, or placed on a piece of blotting paper, or between dry and ab- 
iorbcnt bricts, will lose a little of the water used in mixing, leaving 
a firm, damp mass of hydrate of lime, which consists of pure lime 
holding in a loose chemical union about twice its bulk of water. This 
water still continues to evaporate slowly, and the paste to diminish in 
bulk, during a period of months, years, or even centuries, if the wall 
is very thick ; and if the hydrated lime forms the cementing medium 
between the courses of a wall, thu wall will settle aa long as the evap- 
oration and shrinkage continue. The superposition of n heavy weight 
increases the settlement, partly by the forcing of the semi-plastic 
material out of the joints, and partly by the pressing out of the water 
of hydration more rapidly than it would pass off by natural evapora- 
tion. This indefinite shrinkage of the lime la the principal, perhaps 
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the «ole r«t(B<in for the addilion of ebdiI U> mortar. The particles of 
sand being incompna&ible, end divided from cacli utlicr by tbin 
layen of lime, the contraction of these layers exerts a comparatively 
•mall infliience on the total mas?, bo that a joint of half an inch in 
height, in mortar of limu nnil mnd, will usually Ectllc less than a. six- 
teenth of an inch; while if roadu of lime only, it might shrink half 
Ita width. 

With cement th« action is i]iute different. When mixed into paste 
with water, a few minutes only elapse before iho soft paste suddenly 
assumes a firm consistvney, so as tu resist the impression of a pointed 
instrument. This is the " set," and forms a true chemical reaction, 
by which a portion of the water enters into close combinatioD witli 
the cement, from which it cannot afterwards be separated except by 
heating to redness. With the help of this combined water, the coD- 
(tituents of the cement enter upon a scries of reactions by which 
tbey gradually fonn a hard stone, little less in bulk than the original 
cement paste, ami with some cements even equal lo, or greater than 
the volume of paste. This charai^leristic quality of cement gireaic 
great Talue in controlling the settlement which forms an important 
element in the consideration of stone structures; and by mixing 
OQmcnt and lime in different proportions a whole range of mortar* 
can bo obtained having any desired ouality as lo diminution of hulk 
in hardening. 

Returning to our tower, for wliicli we have lo choose among the 
tbrve methods of keeping the masonry at the same level in ita walls 
and in the comparatively low aisle wall adjoininj;; wc reflect that to 
lay iho tower walls in cement and the adjoining wall in lime mortar 
would he sufficient, but the contrast in color between the brown cem- 
ent joints and the white of the lime would he objectionable in tlic 
walli above ground. The same would be the caie, in a less degree, 
if we were to liky llio tower wall with thin joint;, using thick joints in 
the aisle wall. If we lessen the number of joints in the tower, in- 
steail of diminishing their width, by building it of large stones, the 



nd will b 



attained, and the contrast of tho n 






n the other will be rather pi(|UBnl 



in the one with the small stones 
Mid attractive than otherwise. 

But wo roust not forget the difficulties presented by the ground be- 
neaih the tower and the adjacent waits. The trenches show that 
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under ihe tower we tan reach tlic roct everywUere, at least by going 
ilotrn t»u or thrifc fu^ut below iJie general botlom <i{ tltu trencliet in 
one corner. All lliii founilation will tben euuid on tlie aoliU ledge. 
Ta get a rock foimdaUuo for the aiale wall would, however, require 
very deep digging, the ledi,'e sloping rapidly eastward ; and yel if 
one wall is built on rock and tbe other on compressible ground, the 
latter will settle and tear il^lf away. The soil overlying tiic rock 
under the aitle wall, sa shown by tlic trench, is gravel, which has tlie 
advantage o{ l>eing practically as incompressible as the rock Itfulf if 
not loaded beyond a certain point. In general, it will not yield per- 
ceptibly under a less load llian five tons lo tlie super- 
itv oforavel. "'''"' f""'' ''"' **• "'ake sure, we will take three tons as 
the limit, as a soil of so little depth over a ledge is leas 
reliable tlian if it were deeper. Wo will reckon up roughly the weights 
with which the soil is to be loaded. The foundation, allowing an ex- 
Ira foot for tbe exceea in width of the footings over the rest of the 
wall, is 13 feel high, 2 feet thick. The wall above is SO ket liigh, 
20 inchea tliick ; total, 13 > 2 =24 
2u >: 1 j = ay 

— S'cubic feetof maaonry to each 
linear foot of the aisle wall, which at ISO pounds per cubic foot, an 
averse wmght for such masonry, will amount to 8,050 pounds. 

Of the roof, which slopes at an angle of 45°, about cwolhirtia the 
weight will come on the aisle wall, the rest being borne by the clere- 
story wall. The roof, measured on the slope, is IS feet wide, and 
the weight of rafters, boarding ami slate, and plastei^ 
Oaloulatlon of ins; on the under side, may be taken at HO pounds 
rounaatlon. per superficial foot. Adding the ptufibU weight of 
wet snow and ice, 40 pounds per superficial foot, 
makes 7<J giuundq per Fijuare foot, which multiplied by the width, lb 
feet, gives i.oau pounds to eacli linear foot of roof. Two-thirds of 
this, or 700 pounds, is to be added to the previous weight of tbe ma- 
sonry, 8,550 pounds. 

One more burden muK bv calculated and added to the rest to find 
the whole load which will need to be sustained by the subsoil beneath 
the wall : tbat is, the floor, which being level rests half on the aisle 
and half on the clerestory wall. The span is 1 feet, so that 5 square 
feet, weighing 30 pounds jwir foot, with a potsitAc additional load of 



190 pounds, will give A '■ 150 r= 750 pounds more, to be added to the 
total pressure on the footlnge, the whole amounling to 6,5iiD + 700 + 
730—:. 10,000 pounds,orexact1y five tons, on each linimr foot of wall. 
As the wall is two leet thick, the weight on each liimar foot la divided 
over two miptrjicial feet, makiog two and otic-half tons on each. We 
have increased tlie tpread of the footings from the usual six inches 
on each side to twelve ; this will diviilt^ the burden at the point of 
coDtact with the earth ovtr four siiuare feet instead of two, making 
ibe pressure but one and oneKjuarler tons to the superficial foot of 
■cdl. This is sufficiently fnr within the limits of resigtaoce to com- 
pressioD to give assurance that no settlement of the substratum it to 
be feared. 

We have then only lo direct that the largest xtones shall be selected 
for the tower and its foundations, that every stone shall be hammered 
well down into its bed, so as to bring the surfaces as nearly as possi- 
ble into contact, and that all the crevices shall be thoroughly filled 
with stone chips and moriar. The aisle wall adjoining is to be built 
of smaller stones, and tied into the tower wall every few feet in 
height with long stones as well as with iron anchors. 

In bedding llie tower footing-stones upon tlio rock, any little ridges 
DT projections on Ilie surface of the ledge must be hammered off, so 
■s to give a moderately even bed, and small stones and moriar must 
be built up til lit the irrcgulariiiua of the under side of the footing- 
stone, and finally, a thick bed of mortar spread over all, so that there 
will be no cavities under the stone, All the heavy bloeks should be 
laid with a derrick, so that they can be held suspended 
over thtiir placcwhile the beil is being prepared, and gtooaa. 
if they are very irregular, lowered into place and then 
raised again, so that the impression made in the soft mortar will show 
whether the bed is eiiactly 6tted. The practice of rolling the stones 
into their place with crowbars must never be permitted in a heavy 
wall. The bars tear up and dislocate the b^d of small stones and 
mortar to such an extent that it is impossible to be sure that the stone 
when M laid does not rest on llic edges uf two or three little chips. 
which will crush and cause serious settlements when an increased 
load comes to be placed upon tlicm. 

It will not be so easy to make a neat outside and inside fai^u tu the 
fmindalioll-wall oE large blocks, but it should be done, especially on 




the ootside, eren i( tome of the stones liavc to i>e ilrcasirHl off It is 
dnngerouR in a Leavy building to leave, as is often done, tlic Urg«r 
piecL-o in X founilation-wall projecting outsiile, lo Kavc lite trouble of 
cutting anfty the excess of tixe. Kot only will waler get inU) tlie 
wait by running along the tup of vitch n stone, but hard earlli, or > 
pebble, may be wedged undt^r the projecting end, so as to keep it up 
while tlie wall settles under tfai.' increasing load, causing a bad erack 
bcncstii it, and throwing the wluile weight on thu inner etid of the 
stone, which is likely either to give way altogether, or to break up 
the masonry about it. 

Oiir tour outside the walls being now completed, that inside may be 
short. We must see that the drain under tlic tower docs not get ob- 
structed, and tliat a good opening, spanned by a strong stone, te hit 
(or it lo pass beneath the walla. Workmen have not so bigharespect 
for drai[i-pipea aa architeets, and will often cover up a choked or 
broken pipe, saying nothing about it, thinking that they will be out 
of the way before the trouble is discovered, and careless of the very 
groat expense whkh may be necessary to replace it. The clerestory 
foundation must be sharply watched : long stones are the first reN]Ui- 
sile for this wall; everything depending on the efficiency with which 
the contMintratciI load on the piers is spread out laterally over the 
foundation, till tlie pressure on the footings Is iinirurm under piers and 

opcningsalikc. The 
VA*nrrl"» workmen must be 

cautioned to leave ^ 
on ojiening two or three feet square 
at tlie top of this wall, under the ■ 
arches (Fig. 35), and the same 
precaution must be observed wher- 
ever any portion of a cellar is cut 
off by walls from the main part, in 
order to secure circulation of air. 
If deprived of this, the beams of p jj 

the floor above are sure to rot be- 
fore many years, and will sometimes tall in all at once 
few months. 

The derricka, of which two or three ore probably now set i 
bo examined. Let the superintendent sec tliat the ropes 
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CrayiDg out, and that neither llie maft nur tlie IxHim h cracked or 
sprung out of perfect Blraightneas. lie uiust also ob- 
wrve where each of the guy-ropus is fafiiened. Everj? iMrrlck* 
one sboidd lie securud to a growing tree, or a post set live feet or 
more into a hole in the ground, and the esflh reRllud anil pai^ked 
around il. If anv guy-rojie has been carulewily fas- 
toned to a fence-post, which is very likely to be half '"^^y^^^^ 
rolled off at tlie ground, or to a curbstone, or a boul- 
der, or any other anchorage not perfectly secure, orders nust at once 
be (pren to hare it changed, and all gu^s munt be vtrictly rci]uirei1 to 
be drawn up taut- A loose derrick rope, cr an insufficient anchora^. 
is terribly tried when a liuavy atone on the enil of the boom js swung 
around so as to bring the strain suddenly upon it. and although tliat 
it properly tlie contractor's affair, n Ultle atluotion on the part of the 
iirchiu«t will do no harm, and may save loss of property, and even 
life. The (ou 0(1 alion-w alls of llie chancel, it should not be lorgotten, 
■re to be linetl with brick, and anchors must be built in to hold the 
lining as describeil below. We will remind the contractor of this in 



The last thing In be done ia to inspect tlie materials delivered since 
our previous vieit, wliich will end our duties for tlie day. 

A i[uantity of granite for the face of the basement wall above 
ground has been sent, already cut; it being very common to out the 
harder stones at the quarry, while the softer freestones are cut at 
the butUing. The blocks are of random sixes, and vary mui^h in 
thickness, some being one or more points less than two inches thick. 
These should be at once rejccl/?d, no matter how thick they may be 
t the oUier cdgfs (Fig. 3C). since their eomera are 
,0 br«ak off under the weight, 
sfigure the work. Still w 

;b which, though of snf- 
licient thickness Hround tlje edges, I 
1 the middle. (Fig. 
F.». 36. ,j_j jjjjj g^gQ ^^g ^„j,j ^y£yi ■■■B. =' 

backing can make these secure. Usually, the minimum thickness 
admissible in the facing blocks is mentioned in the specilicaiion, but 
if not, nothing under »ix inches should be allnwfd in the bnscnient 
wall, and not that unless all stich stones are anchored to the backing. 
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ll in rallier adranugeoug to hare the «tonp8 large on one bed Knd 
8mail on the other, proviUed they do not come to too thin an edge. 
(Fig. 38.) Such stones bond welt together and to 
the backing. 

It is common in epecificationa to retjaire I 
granite shall be "free ti-om Itnots, sap, shakes and 
Tot." Rotten, or crumbling granite is eaailv 
lected, as arc also the brown ?tnins known as " sa 
aod tlie black or while liimp!< called "knots." . 
Shake?, if very ba<l, are shown by their discolored I 
edges, but wo arc likely, with some kinds of granite, 
to find stones with seams Uirough them, which are *"'*■ "' 

light enough to liold together while the stone is cut, but will, after they 
are placed in the wall, open by the effect of tho weight upon them, 
and allow rain-water lo penetritlc. Where the stone is thick enough 
to extend nearly through the wall, a great deal of water will often 
in heavy rains blow Into the building through a xeam which mav have 
been quite imperceptible when the stone was set in place. The most 
certain way of detecting blocks so affecletl is to strike them with a 
hammer, rejeeting the stones which do not ring clearly. 

The only other new malerial which wc lin<i delivereil is brick, of 
which two lots are on the ground ; one near tlie west end of tlie 
building, whicli we find lo be mainly composed of small bricks, of a 
dark color, tlie ends of many Lielng black or liluisll, 
and generally crooked or irregular in shape. In the 
middle of the cellar others are piled, larger, and more regular in 
shape, but light-colure<l, at least one in four being very pale. We 
will test the hardness of these by actual trial, since the color by itself 
is an unreliable indication, many clays yielding a light«oIored brick 
of very good quality. Selecting two of the paler ones, we strike 
them together ; llicy meet with a dull sound, and the edges crumble 
at the point of contact. After a few blows one breaks in two, showing 
an earthy fraclnre, deKtitute of the cninpact, hard look of good brick. 

Tho reddesl-looking of this lot ring quite clearly when struck to- 
gether, and iheir good shape is in their favor, but the men could not 
be depended on lo pick out tlie best ones, and it is safest to order 
the whole lot sent back. IF (lie contractor is honest, he will have 
ordered gooil brick, and if the sujierintenilenC rejects them, the loss 
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will not be his, but tlie brick-maker's. If tlie euperinleodent paseea 
Uienii througli Degligeni-e or cumjilaiuaiice, not only la iLe contractor 
depriviMl o( bis support in attcuipling to compel ihe dealer to furniBh 
better materials, but lie ia likely to thiok that he need not himsi;]! be 
too Kcrupuloui in other respeets. Let the Biiperinteti<Ient make a 
note of having rejected the brickn, and give tite contractor a memo- 
randmn of it; following up hi) aelion by a cIuhi wateli to see that his 
ilireclion* art carried out. Let him nweir allow any brick of which 
he can crumble Uio edge with his fingurs to remain on tha ground. 
The biir J, but crooked bricks, if not too much di^^torted, may lie util- 
ized in the backing of the stone-work, or in forming the jambs of 
basement openings, but must not be used in any pier or arch. 

The staging lumlier will need occasional attention. Ailhougli with 
us tlic architect takes no responsibility about llie scaffuUl, liis direc- 
tions in regard to it will be listened to with respect, and he has an 
undoubted right to conirol its construction where that ma)' influence 
n of the building. 



At our neit visit we find tlie first staging up, the drain-pipes on 
the ground, centres ready for the arches under west wall, and the 
arch bricks delivered. We go around tlie outside of the walla, then 
inside, then examine the materials inside, and lastly, those outside. 
This should be the regular routine of each visit, as the surest way of 
observing whatever may be new in the work. 

Tbe concrete piers are firm enough to build the arclies upon ibem, 
the foundationi are going on well and nearly finished, with good 
bond, and neatly pointed outside ; tbe long stones under clerestory 
wall have not been forgotten, and trials with the steel rod reveal only 
« tew places to be taken out and filled up. In tlie tower founilation 
the opening for drain-pipe is properly formui), and the largo stones 
well laid and bonded. On our way to tbe tower, we watcli the set- 
ling of the capstones to the concrete piers. The stones have been 
cut square, with "skew-backs" formed for the arches to spring from, 
and all the faces "pointed" to a uniform surfaee; the tup of the 
concrete is well wet. a layer of cement miirlar made with an equal 
bulk of sand la spread over it about an inch thick, and tbe stone 
lowered into it, and beaten down by blows of a sled ge-li amine r, not 
applied directly on the stone, but on a piece of timlwr interposed. 



63 

The c 



BUILDIHQ SUPEBtKTEHDBMCX. 



Brlok ArchM 



entres can bu placed in posidga 
Tlicse Bliould be built in scpa- 
e cimcentric rings or rowlocks, four inclies tbicic, 
Iicr tlian in tlie fashion called " bonded,'' wlierc each 
ring la llt'd to tlie otbura hy bricks tet tlie eight-inch way. Tbe latter 
bos some advantage in point of appearance, but tbe arch of separalo 
rowlocks poasesscs a certain eloslicily, and power of accommodaling 
itself to the weiglila upun it, which tnake it inuch bctLer in heavy 
construe tioas. Tbe brick* must be very regular in ibupe, veil toaked 
in water, — not merely spriukbii, — and laid with mortar of equtil 
parts of cement and sand. The arches spanning the hasement open- 
ings, behind the straight linteU which terminate ihem outside, should 



be built \t 



mkrm 



None of tbe granite facing of the basemeat wall has jet been set, 
aithougii the grade lines which mark its commencement are set out 
by »tringB «trelcbed between stakes outiiile. We take 
advantage of the opportunity to question tbe contractor 
about the manner in which he proposes to aniihor tbe face to the 
backing. Tbe specification indefinitely requires it to be " well an- 
cboreii," without further details. Much depends on the character of 
the ashlar. If the stones are thick, with many of them extending 
through the whole thickness of the wall, as is common in Europe, no 
other ties will be necessary to keep tbe weight of the superstructure 
from forcing tbe facing stones off tbe wall, but with us such ashlar 
varies from two to twelve inches in thickness, according to the value 
of tlie material, backed by a rubble masonry of rough stone or brick, 
lo which it must be held by iron tics, 

A tour-inuh ashlar, and siill wore a two-inch, which is used only 

tor facings of marble, must have, for a high wall, at least one anchor 

in every stone. When the ashlar is thicker than tills, 

ef^'ah'l'a' '''"^ """^ ^ much less numerous. We find our gran- 
ite blocks to average eight inches in thickness, and 
being asBiircii by the contractor that the stones to come will be of B 
sunilar character, we agree with him tliat if the anchors are so dis- 
tributed that there shall be at least one to every three feet in length, 
and two feet in height, the work shall be accepted as satisfactory, 
stipulating also that the last course of ashlar, under the water-IaUe 
which marks the transition from granite to freestune at the first-Iloor 



level, shall have 



The brownstone ashlar 



for the upptr part uE Uiu waJI will bu uf about the tame tliicknesa, 

and llic same projwrllon uf auebors is dlri.ftinl for lliat also ; every 
i^ornii'ts to be anchored, 
m the eauie way as undur the vrar 
tcr-table. The anchor* are made 
of nrough^il■on strips about one 
inch wide, and aa niueh as one- 
twelfth-inch thick. Iron of one- 
si* leenlh-ineh thickness is eome- 

tines owil, but is too lighL One end is turned up about two and a 

half inches, And die other is tiirntHl down about une and a quarter 

laches. This end is healed by the bl.-teksmith and driven by a blow 

iato a round hole made In the anvil, which rolls it into a tubular simpe 

miled for inwrllun into a liolii drilled in the top of the stone to be 

ancbored. (Fig. 39.) 

The drill-hole should he one and a hulf or two Inches from the 

face of the ashlar block, and the length of the anehor should be so 

measured as to extend entirely through the wall, the otiicr ci 

ing up clo«e against the inner face- 

Aa tliese tics would be soon destrovol by 

nut if used in their natural state, they must 

be protected by tarring or galvanizing. The 

latter is most expensive, aud perhaps best, 

but tLe former is generally employed. 
In setting the first course of stone above 

gTOUnd, it is ailvantageous to have it over- 

hsng the foundation-wall about an inch: 

then tlie rain-water, which Hows in sheets 

down the expofed surface during Etorms, 

when il reaches this point drips off, and Is 

kbsarbcd by the ground, inituad of coutUiu- 

iag its Journey down the faiK; of the founda- 

tlon-walL (Fig. 40.) Of course, this must 

be arranged far in making the detail draw- 

ii^s if it is to ba dune systematically. At all e 

tioD sometimes seen, where the ba?e cour 
^ of the foundation, leaving a narrow level strip o 




t hack from the face 
1 tup of it, should 




<l 
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not be counlenanceJ. Such n shelf serves only to calcli the water 
Blreamiog Uowd from above and conduct it iuU> the mssonrr, and il 
the plana reqiiiru such a rciutive poiilioa of the fouo JutioQ and super- 
structure, the fornur should terminate by a surface ilopiog back to 
tliQ line of the wall above it. 

Tn supervixing the facing work, attonlion sliould be paid to the ap- 
paurance. ^Vith random ashlar, touch of the beauty depends upon 

the frfcjucncy wiili which iho horiwmtal joints are 
"woltr 'J™'"-'''- I' " common to specify for auch work thai 

no hoi'izontal joint shall extend more than six feet, 
and this is a good rule to follow in all cases. The difference be- 
tween a neat and slovenly walling ii itluitrated by Fig. 41, a and h. 




Is b the effect is icjured not only by the long horizontal jomts, but 
by the frequent occurrence of small stones, as at X, Y, Z, inserted to 
nil awkward vacancies. 

The work now goes on without intermission until the graniie-faccd 
wall is ready to receive the walei^table or bevelled course which ter- 
minates iL (Fig. 42.) This, like all liorizontal string-courses, pai^ 
ticularty it projecting, sliould be composed of long stones, running 
back as far into the wall as practicable. They are often specified to 
liave the top bed not less than ei^ht inches in the wall, and this is a 




giwd standard, though narrow Btrin^j-rourscs near the top of the wall 
mav perhaps have an Inch or two less. Care is necessary to aicer- 
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tain the exact level eome time befure llic wall bas reacbeil tbe re- 
rjuireU point, ajid it ia beat to builU up nil the corners o( tUii building 
to tbe line in advance of Urn rest, and net the eurner-stonea of the 
«st«r-iAblc, levelling tbem carefiitly wiUi an e 
Kfterwanls bringing tbe intermediate por- 
iB up to tbe 
/ line. This will 







1 np- 




ir-table, 



[icaruntu like . 

caused by tbe 

gain a true lov- 
Fi(. 44, el aFter tbo wall 

haf been carried up nearly to tbe top. 

The quuiuB, or corner blocks of tbe w: 
atoue-work, mueC always, (or appearance sake, ebow a wida head on 
botb iidca the angle (Fig. ii), instead of being cut out of a etouc of 
the same tbicknesi as tbe rest (Fig. 4S). 

The vrater-tablc indicates the level of tke main floor, and while 
preparations are making for laying it, the beams may be placed in 
position, istock for these has been delivered at intervals previously, 
■nd carefully examined, several loads having been re- 
jecUsd for coataining timbers coraideraUi/ less in size Tlnib«rf 
(uncc tbe limber shrinks after sawing) than the si>oc-i- 
fication calls for, while others liavu bvcn thrown out on account of 
pieces badly "shaken" 
(Fig. 4C); or "wancy" 
(Fig. 47), through having 
been sawed too near the 
outside of a crooked piece, 
Eo that a part of the wood 
]s lacking i or wc:Lkened 
by largo knots near the 
middle of tlie span. The 
r.gt. 40. 47. nave and chancel floor 

beams are divided into two spans, the inner ends of each spun bcln^i 
earried on a lino of girders running through the middle of tliu build- 
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in^, and aupported hy brick piers under the nave, and an iron column 
in UiQ Bocietj'-room under tbc chancel. The girdcre of miiiu floor 
are of Georgia pine, eight inches by t«n, those In ch&ucel heing eiglil 
by twelve, aud all are alrcadj ou the ground. It ia necessary to 
have these properly tiet before the beams can be put in position; but 
if the piers were to be built up Bret, and the heuvy timbers laid upon 
ibem, there would ho danger of orcrturniug W dUplucIng them, so 
it is best to support the girders by leinporary wooden shores until 
(he Hoor is on, and afterwards build up the piers between the sbores. 
As there is ample licad-room in the cellar, the beams arc simply 
not4ibed upon tlio girders, instead of framing tliem in, and thereby 
weakening llic girders with uortisea. 

The carpenters are already cutting tbe notelius, aud the foreman 
hasti^as after us to ask whether he shall " crown " tlio beam!', and if 
so, how mueli. Nothing is said about it in tbc specifications, and a 
little rcQection is necessary before a reply can be given. 
usually practised, consists in 
trimming oS with an adze the upper edge of the beams, so as to form 
a curve, the convexity of which may be one inch or more, ns ruquired. 
(Fig. 48.) Nothing is taken off tlie middle of the timber, so its 
strenglb to resist a distributed weight is not impaired, and as all or- 
dinary beams sag a little under tbeir own weight, and still mure when 

.. . _^-. loadeil with flooring 

L r and plaster, the crown- 
ing enables this sag- 
—I ging to be compcnsat- 
-Q ed, and such a bvam, 
when suspended at the 
ends, will be level or 
slightly convex on top, 
the bending due to the 
weight showing Itself 
on tlie under side. (Fig. 49.) Formerly the same effect was sought 
by shoring up the beams strongly in iho centre, so as to bend 
them upward, and then cither building tliem into the walls, or con- 
fining tliem by timbers placed against their ends, and connected by 
iron Uc-rods passing between tbc beams (Fig. 50), but this method 
is objeeiionahle, and is now rarely used. 
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fa order to determiDe wlieiber croimlng by the oiher mode ia lie- 
(irabW, we can easily calculate the probable bending of the limbera, 
or, irbat will bo slill better, cxpcrimeDt on tbo spot, by jilucing one 
of the beam9, the top of nhich has been previously ascertainecl to be 
■traigbt and true, od au]iport« at the proper distance apart, and load' 
ing it at the middle with a neight equal to half the loail wliicfa will 
eomo upon it after tlie building U completed. In Uiis ca^e the beams 
of the malo floor are of spruce, three inchea by ten. and of chancel 
floor three by twelve, all placed sixteen incliea from centre!, and 
twenty feet long, the clear span being nineteen feet four ini^bes. 
They will be plastered one beavy coat underneath, and covered with 
a double boarding. Each beam carries the whole weight of the 6oor- 
ing above it and the plastering below it, from the central line of the 
interval between itself and the next beam on one side to the corre- 
sponding line on the other side, the diatanco between these two lines 
being the same as tliat between the centres of the beams themceiveB, 
or sixteen inches. Each beam will then sustain, independent of its 
own weight, an area of Sooring IG inches vide and SO feet long, 
and an equal area oC plastering, amounting to IG inches {1| feet) 
X 20 <- 2G J square feet of each, One stjuare foot of dry pine board 
an inch thick weighs about three pounds, and as the boarding is 
double, six pounds will represent the weight of flooring per etjuare 
fooU FlastcriDg of tbo kind mentioned will weigh about six pounds 
per square foot, making a total load per foot of 12 pounds, which 
multiplied by 2G) will give 320 pounds as the distributed load on the 
beam, exclusive of its own weight. One-half of this, or IGO pounds, 
applied nt the centre will produce the same effect as the whole dis- 
tributed loail, and by loading our experimental beam in this way the 
amonnt of bending can be at oncu ascertained. A bucket hung over 
the middle of tlie beam, and loaded with ibirty-five to forty bricks 
according to size, or with a man standing In it, will form a ready 
means of applying the weight, and a string tightly stretched between 
the ends of the beam will show the deflection, which we find in this 
caw t« be leas than a quarter of an inch. So slight a detleciloo is 
not worth the trouble of correcting by crowning the beam^i, especially 
■« the bridging of the floor, which Is required by the specification, 
affords protection a^aiufit vntqwd deflection; and we therefore in- 
fonn the foreman that it will not he required. The tops of the beams 



M BUli.l)lNa SUPEBINTSNDENCE. 

must, however, be well levelled ; and as diey arc likely to vnry Mine- 
wliat in deptli, die gauge for ootcliing them to fit upon the girder 
nuat be token from the top, not from the bottom edge. 7'Uo eoda 
whidi rest on the walls need not bo noicheJ, but are '■ jiinnud up " 
with cliipa of sUmo or slate to the required height. WoaiJco chips 
must never be used for this |mrpose, as they soon rot out, and allow 
the beam to settle. 

CoDocrning the manner in wliiuh tlio beams should bu built inM 
the wall, thure is much diversity both of opinion ami practice. On 
one ]ioint, however, all are agreed; that the ends 
't'atof "^""''^ ** <''** "" * ^""^' ""'* (F'S- ^0. tl"-' variation 
••ams. of the inclined line from the vertical being two to fuur 
Indies, according to the depth of the beam. The ob- 
ject of this is to prevent the destruction of the witU, in case of fire, 
by the fullotthe lloor when burnt through. If the beams ore bcvcdled 




U ihown, they drop out iguletly nben their outer ends are consumed ; 
but if left sijuarc, the portion in the wall acts as the short arm of a 
powerful lever, whose outer end, being dcproMcd as the floor falls, 
pries the wall outward witli immense force. (Fig- 52.) But besides 
this, precaution should lie taken lest the ends of the hcama absorb 
moisture from the foundation and perish by dry-rot. The most im- 
portant security against this is tlie avoidance of dampness in tbe eel- 
lar and its walls by the precautions suggested above, without which 
tlieothci' expedients avail little. If reasonable dryness is maintained 
ibout tiiem, suITicicnt fiH-ther protection can be obtaiDcd by leaving t> 
small open space about the ends of tlio timbers fur circulation of air. 
Some simply build up vertically bchinil the ends of the beams, filling 
in solidly between them, and trusting to the sub.'cquent shrinkage of 
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lUe wood to open a slight but sufTicient commuQication between tbe 
trUn^lar bollow beLiuU tlie timber am) Uio air of tlio 
cellar. Others increase tliis coimuuniuation by tacking ^rntwction 
. ■ . . .... BaainM 

apiece of zinc or (clt paper over Uic cml of tlic beam, Rot. 

letting it Imng clown at tlic sides, so as to keep ibe 
masonry at a Email distance From thu wood. Still more careful 
constructors build up a recess around eacb timber, leaving it free 
on all sides, but nilli a dry foundation of hard stone, laid in half 
cement, and the floor two feet or more above the ground, so great 
prccaiiiiun is unncceasary excejit for heavy girders. In the present 
case, being very conililent of the dr^'ncss of our wall, wo will com- 
promise by (ilUng in closely between the beams with the etonc-worlc, 
but will Ictve a space bcliind tliuni, and will span tbe end of each 
beam by a stone or a couple of briek!>, so as to open a communication 
above lliG beam bctneen the interior space and the air. 

tVhcn the lirst tier of beams has been laid and the ends built up 
wiiL masonry, llie work of tlie superstructure may properly be said 
to begin, and a variety of new cares will come upon 
us. Here also commences a considerable divergence _,*"£?TI- 
between the practice of different localities in respect 
to many dct^ls of construction. In tbe Eastern States, and to an 
increasing extent in otliers, the next step after laying the first-floor 
benms, and bringing the waits up to a level with them, is to cover tlio 
whole floor with clieap inch boards of hemlock or spruce, generally 
" tLicknossed," — iLat is, planed on one side so as to 
reduce them to a uniform thickness, and firmly nailed rioora. 
down in place. Tliis furnishes a convenient starling- 
point for future operations; materials &re stored upon it, the roof is 
framed upon it, stagings arc erected on it, and the men move freely 

^VTienever it becomes necessary to reach the space betwoin the 
bcam», for nailing bridging, running gas-pipes, or other purposes, a 
board is easily taken up and replaced again, and at the very end of 
the work tbo whole is brushed clean, the holes and broken places re- 
paired, and an upper flooring of new, clean, fresh boards put down 
OTer it, one or two tliickncssca of soft felt being laid between, making 
a strong, handsome, impervious floor. Among the old'fasliioned 
builders in New York and other places this melhod is thougrit unrea. 



TO 
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lonably coitl/, and a oiagle fiooring only is used, genernll^ of one 
Aad a quarter inch boardi, the laying of wliicli, of course, ia order lo 
preserve them from injury, ia delayed as luog a9 possible, all the 
operations of building being meanwhile carried on over a. skeleton of 
beams, traversed in different directions by lines of planks nhicb have 
GontinusMy U be takuD up and ctianged, nhile supplementary planks 
must bo brought and laiil down to hold all the material used in each 
story, and if a tool U dropped, or a bolt or anchor-iron rolls front its 
plauo, it descends to the cellar, where tho workman must go to Gnd it, 
or let it he altogether losL To one familiar willk both systems, the 
latter seems to involve a great waste of lime and labor, and tlie testi- 
mony of the best builders is that Uie double flooring, though AUting 
more fur material, is so much moro economical in these respects as to 
«tT« tDOTQ thaa its exlr& cost in the completed building. 

Wo tind this construction specifitKl for the structure under our 
charge, and In less than a day after the beams are on and ksvelleil, 
they are covered with a smooth, firm floor, which can be put down 
wiili extreme rapidity, being laid without much attempt at unneces- 
sary neatness. The boards, being of hemlock, are full of shakes; 
some are cracked in a dozen places, while in others the annual 
rings have separated, and can be peeled off by layers. Some hem- 
lock lumber is much better than this, but there is no need of being 

very particular. As soon as convenient after laying the floor, tlie 

boards are taken up in a line through ihe places marked for bridging 
the beams. There are to be two rows of bridging in 
each span, but the kind is not apeciiled. Occasionally 

a builder is fonnd who Int- 

a^nes that a floor can be 

bridged by fitting in squaro 

bits of plank between the 

beams and nailing them in 

place; n device as costly ai 

it is perfectly naeless, the : 

planks onswering no pn^ 

pose whatever except to 

burden the floor. The ■ ■.. — 

proper way is to tit in strips diagonally between the beams, of nif- 

Gdent length to reach from the upper edge of one to the lower <dge 
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I, nalliDg tbcni (innlf io place with two large nails at eacb 



oF die DC 
enil (Fig. S3). 

A double row in neccisiu-y, to arrangeJ as ta nbut in pairs againsl 
the upper and under sidua ot cacU tieam, and ilio eSuut, if arraoged 
AS they should be, in lines made perfectly straight, marking tiie posi- 
tion of each piece by a (.'halk-lino on the edges of tbc timbers, is to 
connect tlio bcami togellicrby 
a kind of truss (Fig. 64)_ 
wbicli prercnta any one from | 

bending downward i, 

carrying down with it a num- '*' 

ber of otbcrs, greater or less according to tbc perfection of tlie work- 
tnansliip, but ordinarily about ten. Nothing is added to tiie absolute 
■trengtb of the wliob door, but any single overloaded beam is enabled 
to ilividc its burden witli six or eight of its neighbors, vhich is a great 
gun. Tito bridging in importAnl buildings is usuaHy &peciriod to be 
of Iwo-incli by fouMneh pieces, and sudi may sometimes be noocssary ; 
but for ordinary dwclling'bo'Jse beams, not more tbnn sixteen inches 
from centres, strips ono inch or one aad a riuarter inches thick and . 
four inches wide will, if well fitted and nailed, prove luite sulScient. 

The ends of the beams which rest on the girders should l>o nailed 
in place, and in addition "dogs" of round bar-iron tbrce-fourtlis 
inch in diameter and about eighteen inches long, turned ^^ 

down at each end and fashioned into a rough, chiscl- 
lika point (Fig. Bfi), should be drjven into the abutting ends of two 
opposite lieams, al intervals ol about eight feet, the whole length of 
the building, bo as t<; connect the beams strongly together ; and wall 

, . anchorsof fiat baMron, „ ,, . .. 

/>■- ■ ^ , 'Wall Anchor*. 

If li one-half inch thick, 

— 2 . : and at least one and a fourth inches 

wide, not less tlian four feet long, and 
turned up four inches at the vail, should 
be spiked, by means of holes punched 
for tlie purpose, to the sides of the 
same beams that are tied at their other 
ends to the beams beyond, leaving the turned-op end to be built into 
tbo masonry of the wall above the water-lablu. This end is often split 
taU) a fork and each branch turned up, much improving its hold, and 
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the inner end is aomolimes turned down and driven into the lieora, 
witliout bdng spiked to it. Those different anciioragca form a con- 
tinuous tie from irall to w&ll, and althougli not far from the ground 
nil] osgiEt mntorially in keeping the masonry upright. 

Other anchors must bo provided, for tying the angles of Iho build- 
ing in the superstructure. Tiioso iliouid bo of iron tiniilar in thick- 
ness and width to those just described, turned up at one end antJ 
down nt tlic otJicr, and from fodr to six fuct long. They should he 
laid alternately in each of tlie walls forming the angle, and at int<^r■ 
vals of from four to eight feet in lieight, according to the amount of 
bond ohtaineii by tlio stones alone. Young architects are often bui^ 
prised to Gnd that bo much iron is necdeil in masonry, which they 
imagine by the descriptions given in their text-books to be i|uiie 
capable, wlicn well bonded, of holding itself together without encli 
aid; hut our ordinary structure of thin ashlar facing, hacked willi 
incoherent rubble of small slooos, is a very different matter from the 
combination of squared blocks to which the books refer. 

Still another sot of anchors must be built into certain portions of 
the wails as they progrCBs, to hold tiio brick lining which is suhsc- 
'juently to bo built up inside. A part of these are to 
be used in the society-room under the cliancci, and 
others in iho vcBlibule whicli forms the first Btory of 
the tower. TNe former of these lining walls is to be plastered, but 
not the latter, and the anchors needed will differ a little in conse- 
quence; those for the plastered wall being arranged to project en- 
tirely iJirougli tlie lining, turning up two inches on the inner side, 
wliile tlie others must Btop just hvliind Iho inner face, to oibt lia 
concealed in tlie joint. They should bo made of iron not less than 
one-sixteenth inch in thickness and one inch wide, tarred or gal- 
vanized, turned up at the end in the outside wall, and extending half- 
way through it. They are to bo built into llie outside wall at inter- 
vals of two feet lx>lh horizontally and vertically, setting them care- 
fully to the proper length by measuring from the ouU'utt, and left 
projecting until ilie time comes for building the lining wall, when 
they will bo found all ready at tlie proper place. Various forms ara 
given to these ties, all intended to prevent condensed moisture, or 
water driven through ilie outer wali, from being conducted by them 
kcross the air-space into the lining wall, wlicro it would ihow itsel' 
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by A permaneQl spot in tlia phflering. The part wliich croBte* the 
»ir-9pHce is oftca beat downirari] into a V-elinpe, from whieli the 
water drips to iLc botWm of tlie cavity, aoU this, if the depression 
i* deep cnuugli, is moderately cfFi.'Ctual, but if too shallow, tlio mor- 
lAT rolling from above collucl^ on tiie ties ia quBntiiy sullifient to 
bridge the air-spaec in soma places, and convey water through to the 
lining. Anotber form is made by twisting the ties so that the poi^ 
tion in the air-tpoce is vertical, itnd collects ceicbcr mortar nor nnter. 
The iron is sometimes used without twisting, but set in the vertical 
joints, thus attaining the same result at less expense, but with greater 
trouble; since the irons, being set nt random in the nail, never coin- 
cide CKaelly widi the joints of the brickwork, and Lave to be boot 
more or less to reach one* When inserted in the horizontal joints, 
little bending is necessary, hardly more than an ineh in any case; 
bnl when placed in the vertical joints, the lining wall being compoeed 
entirely of stretchers, a lateral movement of four iocbcs may often 
be required. On the wliole, the V-bent tics seem to bo most suitable 
ID our CBsu, but ite direct tJiat tliey Eiiall be placed vertically one 
above another, so that those above may aUeiter Ihosu below from fall- 
ing mortar, and that in building the lining every row shall be cleaned 
off as EOoD as the one above it is fixed in place. 

Wlule these matters are being settled, the delivery of freestone, 
both cut into ashlar for the Facing and in rough blocks for working 
into mouldings and arch-stones, bas been going on. This should be 

attentively watched, anrl if possible a visit should be _ _ 

II - I i.n. I > r 'ree»tone, 

made to the quarry to inspect the different beds ut 

rock. There is usually much variation in the quality of stone from 
the same quarry, one end fretjucntly running into extreme hardoesB, 
while the other is too soft for use, or superposed strata may show dif- 
ferent properties. Variations in color usually accompany diflerences 
of texture, and each different tint of stone on the ground should be 
tested by chipping off a thin piece, and crumbling the edge in the 
fingers. The hardest sandstone will resist this treatment like flint, 
but most building stones crumble slightly at the very edge, while the 
poorer varieties crush easily. Few of the ordinary freestones show 
a mnch greater hardness than common loaf sugar, but those that are 
Kfter ehobJl be rejected. 
Some Kind) of stone have an extremely annoying defect in the 
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shape of " snod-hole^," vliicli Hre smitll formations in the interior of 
the block, oflcn similar in nppearance lo Ilie rest of U]« ttone, but 
Uestitiiie of cementing maitcf, so tlint on being ex- 
poecil by cntting, the »anil falls out, Icnving &n un- 
Hightly hole, which cnnnot be successfully conccfilej by filling with 
t.«nienL Any variety of stone nliich proves lo bo affecteil in this 
way should therefore he entirely rejected, as sand-holes may exist in 
any of tlie blocks, undiscovereil until the stone is cut. Some stones 
contain similar carilies filled with clay, whivb are eipially pernicious. 
Seams injure the quality of many classes of freestone, but are 
□Bually more easily detected than those in granite. All sandstone ia 
stratified, the beds varying from ten feet to a small 
fraction of an inch in thickness, and tlie divisions be- 
tween the strata show Ihem.'elves h» dark streaks on the edge of tlie 
stone. Wliere tlio beds, lliougb diaiinct, are strongly cemented to- 
gether, the stratification rather improves tbo tiuallty of the material 
by tlie beautifully figured appearance which it gives to a s niootbly- 
rubbcil surface, as in tbo stone from Portland, Connecticut, but the 
seams are not always light, or if they are, may not remain so, and 
tlie alono scales or "sheila" away, ao that bloc 1:5, especially large 
ones, of stratified rock should be "sounded" all over with a ham- 
mer before setting in the building, to detect any aepsration between 
the interior surfaces. 

The stune-cutling shed will now become a point of special interest 
at each visit, since here will be carried into execution tlic ornamental 
details of t!io building, whoso accuracy and perfection of workman- 
■liip will do much I« enhance its beauty. 

Among the first things done in the cntling-shed ate ttio jamb- 
stonce for the windows. Tbo sills are to bn slip-sills; thatia.in- 
lerteil between the jaciba at some subsequent period, and Ibe detailed 
sections of tbem arc not yet at hand, but a number of jamb-stones 
arc cut. We have taken care to make ourselves per- 
fectly familiar, not only with the position, height above 
the floor, and exact dimcnsinna of every window, but also with the 
depth of the various reveals; and we begin at once to measure the 
smaller stones to see if they are of the required depth, fimling imme- 
diately that many fall short an Inch or more. These must be marked 
and laid aside, to be recut for other purposes, making sure that the/ 
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ar« not lik«ly to be |iiit inio Uie vraK, for the replacing o[ an imsatis- 
factorj quoin is a c1iBa.^rci>ablo matter, and it is ntill worse to leava 
it in and endeavor to (ill out the doRcienc/ by patching. 

The other details should be sharply looked to; ekelches made to 
explain obscure drawings; the moulded work freq d en tly compared 
with the line patterns or lempleia, and these with the sectiooal 
drawings; the carving criticised, and tho strnight^dgo and square 
IreiiaeDtly applied to Uie work of men who seem unskilful or neg> 

Tho regular routino of a tour around the outside of tlie building, 
followed by one inside, and an examination of the new materials, 
first inside and then outside, should still be kept tip, but Uie inspec- 
tion should take place nt the level of tho staging where the men are 
■t work. The steel rod may occasionally he used to examine the 
workmanship of new men, and a continual watch must be kept to see 
that the asblar is properly and suRieicntly anchored to the backing, 
ind that all exposed angles or projecting parts of the stone-work, as 
corners of openings, string-courses, sills and cornices, are well cov. 
ered up with hoards, to protect them from occidental blows, and 
from falling objects. 

Before the walls reach llie top, It is necessary, wliethcr the specifi- 
cations menlioQ it or not, to buil<l in long boils at every angle, and 
at intervals of about ten feet along the walls, to hold 
the wooden wall-plate. The holts should be ot onivinch*"*"'^'JJ'^ *"• 
ronnd iron, three or fonr feet long, with a short plate 
at the lower end to give lliem secure liold, btiilt in vertically, bo that 
the upper end, threaded for a nut, may project an inch at least above 
the top of the wsU-pInte when laid. In settin;^ this, holes are bored 
fur the bolts, and nuts with lai^ washers are put on and screwed 
down firmly. 

The setting of the cornice and coping stones must be watched anx< 
tously. It is customary to specify that all cornice or other projecting 
stones shall balance on the wall, or in other words, 
that the weight of the portion of tho stone on tho wall ^,"n^ 
■hall exceed that of tlie projecting part, by one-fourth, 
one-half, or more, as the ca?e may be. Whether specified or not, a 
considerable excess ot weight on the wall is necessary to a good job 
of stone-work. Heavy cornice-stones are often seen, where the vigt 
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ranting, wliich would Fall immefliatel; in!o 
t belli back by thin iron «traps lo the tim- 
wlien the straps rust, or Ibe timbers 



lance of an inspector i 
the Btrcet if they were 
iiers of the roof, and do »i 
are burnt &we,y. 

Copings must also be strongly secured against sliding off. The 

" knei-lers " or corbels at the foot of the slope, which ostensiblv sup- 

port them, are seldom so designed as to be capable of 

anything more than holding lliemeelvcs in place, and 

usually require even for that to Ik; anchored back to the masonry, 

so that the cup ing-s tones must ha held by irons at the foot of each. 

Finials also, which commonly decorate the peaks of gables, are not 

secure unless dowelled to the atljacent atones, and if 

composed of several pieces should bo drilled completely 

(lirough, and strung upon a long iron rod previously built into tbe 

masonry, with nut and washer nt the top to hold the joints Gnnlv 

together. 

Tiio young superintendent will hardly see the finials placed on his 
building wiliiout having undergone several conflicts with the con- 
tractor as to the stones which are to be permitted in 
"•wn^ the work. He may find his orders about seams and 
sand-holes cheerfully complied witb, but stones occi' 
dentally broken after cutting will be used wherever tbcy can escape 
bis eye ; the fractared portions, if conspicuous, being neatly cut out, 
and a new piece imtertcd and glued in with melted shellac, lo dry 
weather, and wbile>slill fresh from the tool, such patches are hardly 
noticeable unless near the eye, and tliey should therefore be looked 
for from the stagings before these are shifted ; but when the stone 
is wet by rain, the Inserted piece becomes painfully conspicuous, and 
as the shellac is slowly destroyed between the stones, the joint be- 
comes more and more evident, and the piece may even drop out if 
situated, as sometimes occurs, on ibe under side of a lintel. 

Both firmness and consideration are necessary in dealing with these 
cases. While a patched jamb-stone, sill or lintel, unless of extraor- 
dinary size, is inexcusable, it would he barsh to condemn a piece of 
rich and costly carving for a small mutilation which could be easily 
concealed; and some fractures may occur after the stone-work is 
completed which can only be repaired by patching in this way. The 
walls are by this time ready for tbe roof, and the tower Las 
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been carried up to the same height. The cootraclor, anxious to save 
all the time po^ible, is still at work on tliia, althougli the sea- 
son is cettiog late, anil the ni^ht^ frosty. One un- „ _^ 
usually cold morning we arrive on the ground, and in Fraeilns 
find the mortar lett over from the previous evening •"•other. 
frozen bard in tlic tubs. Trying one of th': small stones in the back- 
ing laid the day before, «u find that instead of adhering to the mor- 
tar, and bringing away tome lumps clinging to it, the stone separates 
easily, and eomes away clean, while its surface, as well oa that of the 
mortar in which it lay, is covered with hoar frosL 

This is a plain indication that the nnson-work must be suspended 
until the settled warm weather of spring. The film of frost wbieh 
penetrates in euld weather between the mortar and the stones forms 
a complete separation, and adherence does not tako place again afUir 
the iee is Ibawed, wliiie Oie mortar is itself also more oi 
tegrated by freezing. Mortar of pure lime, if frozen i 
may be warmed and worked over so as to be used, but ci 
first set is once broken np, either by freezing or by unnecessary stir- 
ring, will never harden oguin. 

The foreman, mindful of his master's interests, resists the order to 
cover up the walls, relating anecdotes of structures built witliout 
harm in the midst of terrible frosts, and urging at great length the 
well-known superiority of a " frozen set " over all others ; but he 

should be on the side of safety. It is true that plat- 
Itring, at pure lime only, if frozen nt the beginning of the Eeason, 
and kept constantly frozen for some months, acrjuires ak the end of 
that time a considerable hnrdnesK, whicdi is not lost on thawing ; 
while if thawed within a few days or weeks after freezing, it disin- 
tegrates and crumbles ; but in Ibis there is no qufstion of the sepa- 
ration between the stones or bricks ami iho nionar of a piece of tno- 
lonry, which takes place without regard to the duration of the 
freezing, and constitutes the chief danger, and moreover a " frozen 
•et" it impossible with mortar containing cement or hydraulic lime. 
The toner walls are therefore covered with a roof of boards, and 
the masons sent to cut atooe for the spire, or employed in building 
the basetaeni piers, and as soon as the main roof is on, the lining walls 
in tLe lociety-room and vestibule. 
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The design for roof trusses ihould have been anxiuusly criticiwd 
^^ by tUe BuperiulenJent, iu ord«r to detect and remedy 

tbe weaknewes, if any exist, before lliey cause Iobb 
■nd discredit througli lite failure of the executed structure. 

If alt U found satisfactory, tlie details are couimttted lo tlio framer, 
wlio will probably need and ask tor advice concerning ilie various 
joints, teDDDS, bolta and itraps, so tbat (lio young arcbit^ct nill do 
irell to refreeh lua knowledge on these pointa bolb from bis text- 
books and sucb examplea as lie can reach. The accuracy of ibe 
curtea, Ibo neatness of the chamfers, ibe sudicicncy of the bolts, 
should all be noted, as well as the correutDCsn of position ou tbe walls, 
and (he alignment of tbe purling. Tbe rafters once on, the covering- 
io comaiences immediately, and after inspecting the ijualitv of the 
boards, whicli should be planed on one side, smooth, itraighl-edged and 
free from loose knots, if slate are to be laid over them, it will become 
necessary to decide as to Ibe best way of working tlie flashings 
and gutters. Of the former, there will be not only the valleys, but 

the intersections of the roof with the back of tlie eable 
Flaahlnt*. „ , , ■ , > 

walla, the tower, and two chimneys, wUicb must bi.' 
protected against the entrance of water. The speciQealion requires 
"all necesaary flashings " to be put on "in the best manner," care- 
lessly omitting further details. Even the material which shall be 
used is not specified, and the superintendent wisely reftolves to come 
to an understanding with the contractor beforehand, and thus avoid 
the possibility of having to reject work aFter it has been put up. 

Unquestionably, the " beat " material for flashings is copper, which 
is indestructible by weather, ia so tuuocious as not to crack like lead 
or zinc when beat at a sharp angle, and so stiff that after 
bending it cannot be, like lead, blown up by a strong wind. Nevei^ 
theless, copper flashings are costly, and Utile employed, bo that it 
would be unjust to retjuire a contractor to use them under the cir- 
cumatancea, and we must content ourselves with lead and sine The 
latter metal will constitute the whole of the valley and hip flashings, 
and two ways of arranging these are permiaaible ; the best practice 
of various localities inclining about as much to one as the other. 
Often the two ayslema are mixed, and the valleys laid by one, and 
the bips by the other, or vice versa. 
By die flrst method, which is perhaps moat popular in the largt 
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glc " cut in the Blono or brick work of the 
e above the slope of 
tlie roof, and parallel willi IL The cITickncy 
of Cilia ilepcnds on tbe cai-u with which it is 
done. The effeet of alternate heat and cold on bucIi a dashing it to 
warp it unlit it springii out from tiio " raggle " citiicr at one end or in 
the middle, letting a stream of water run down into the rooms below 
(Fig> &7), and this ean only bo prevented by cutting the groove quite 
deep, an inch or to, in.'tcad of the lialf-inuh which is common, turn- 
ing in the HasluDg to the very bottoui of the groove, ajid wedging it 
firmly in with slate chips and cemenL The nooden chips generally 
used fur the purpoH; soon shrink and become loose. 

Ilips arc covered with strips by putting a wooilen " hip roll " on 
the boarding and laying the slates cIofo up to it, siibsoqucutly tack- 
ing on the metal, fitting It closely around the roll, and letting it ex- 
tend on each side llirco or four inches over the slates (Fig 66). 

The essence of the rival method consifte in its emjdoymcnt of 
mall pieces of metal lap[icd over each other, without 



treely. In forming valleys by this mode a si 

ier ol trapezoidal pieces of zinc or other metal a 
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(Fi<;. 59), ID lengUi cqaul to one of tJie slate* used, and in widlb vary- 
ing from about ten inclies at one end to B£t«un or more at the other. 
according to the pitch of tlic roof. 
Tbeae pieces are taken on llio ' 
roof by tlie ilater and "vlatml ' 
in," encli forming a part of tlii> i 
two courses of slate correspond- ■ 
ing on eai-li side of the angle < 
(Fig. 60), and eacli being luid 
OTtr tLe course of slatDs next 
beloiT it, wliile the slates tbem- 
eelves are laid more closely into '*' "' "*' ""' 

the angle ot tbc valley than wben the other lystem is employed. 
Although more metal is used in this way, the labor is less, and the 
vorlc on tbc whole more satisfactory, becnuee more permanent. 

In its application to the flashing of walls and chimneys lliere is 

lees to be said in favor of it, conijiared willi a drst-elass job in the 

athcr style. In the " stepped flashing," as it is called, composed of 

small pieces, no groove is cut in the ma^Dry, but 

riB<^?nB. ^'"^'■' lengths of the horizontal mortar Joints are 
raked out, and pieces of metal are cemented in, one 
above another, lapping over each other like a flight of stcpi. This 
is much more pernianent than a single strip, especially if tbo pieccsi 
instead of being inserted in a raked-out joint, ore built into the ma. 
sonry itself, as is often done; but in exposed situations the wind and 
rain are likely to blow into tliu vcriical crevices nhich are left 
between the maeonry and the motnl when this is folded down gainst 
it, so that elastic cement, or a stopping of " paint skins" and fine 
sand are necessary to make them tight. 

The principle of subdivided Hasliings is applied to hips by slating 
in pieces ot metal, the elates then bi'ing laid out U> the very edge. 
This is both tighter and neater in appearance than the hip roll with 
its spreading sides. 

After a discuBslon with tlie roofer on all tliene points, we decide 
that the hips and valleys shall have flashings slated in, but that or- 
dinary flashings in long strips shall be used where llie ruuf comes 
agidnst masonry. Tlie slonc-work is in places so rough that it would 
be impossible to turn down a sheet of stepped flashing against it to 
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■lowly as kU uo light, and Uie otlier mode leema preferable, but we 
enjoin upon the roofer Ihe greatest care in lecarmg the strips into 
the grooves* 

Ab for the metal of the fla»tut)g>i, we iDeist that those on walls and 
chimneys shall bo ''capped," and ibat the capping 
dball be of four-pound lead. All the rcBl we direct Onpoad 
to be of No. 13 (sixtccn-ounce) eidc. 

The contractor demurs somewhat to capping tlie long QaEhingB, 
but the tuperinlendcut pernists, anil the roofer, on being closelj 
qneelionod, finally acknowledges that they cannot in any other way 
be made reasonably permanent, and as the contract requires that 
the tightness of the roof shall be guaranteed for two years, he at 
length, iailucoccd by the intiinct of set f-prole^ lion, yiehls. 

This capping is the best safeguard against the evil effects of ex- 
pansion on long flashings, and consists in ihnbing tliem ia a certain 
sense double; one xtrip of zinc covering the roof, and being turned 
Qp against the masonry, almost to the line of the "ragglc," or 
groove, with a few nails to keep it in place, while a second strip of 
lead, thin enough to be easily dressed close against the wall, is ce- 
mented inta the "raggle"just above the upper edge of the ElQC 
strip, and turned down over it, reaching to a line an inch above the 
surface of the roof, so that the two pieces of metal can expand and 
contract independently without Gnally opening b. joint. It must not 
approach nearer than an inch; if it duos, it may dip into a current 
of water or melted snow flowing down the roof, and the capillary 
Kttraclion between the two metal surfaces will draw moistare up, 
and over the ed^'e of the inner strip, to Gnd its way into the rooms 

The mason, who is all ready to cut Iho reglets, asks us whether he 
shall make thnse on the rear of the copings by raking out the joint 
between ihcm and the masonry below, or shall cut them in the coping 
itself. There is some advantage in protecting ihe IhhI of the coping, 
to, although we are sorry tliat we did not think in time to hare the 
leaden strips laid into the mortar before setting the coping, which 
would have made an admirable arrangement, we order the grooves 
to be cut two inches above the bed joint of the coping; Co be at 
least one inch deep, and Rosendale cement to be provided, ready 
mixed, for seltijig the lead into its place. 
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The giitteri must nuxt bo atlcndcd to, alcLougL die speciGcatlon, 
in calling fur " gutters oE No. 24 gaivaoizeil-iron, as par detail 
drawing (Fig. 61), running up IC incbcs under bJ^Ic;, and to liare 
front edge turned over a ^ indi by | inch vroughi-iron bur, nitii 
galvanixcd w rough t-iron bracca every 24 inches, running up tiro feet 
uador slaUs, and strip of four-pound lead one incli wide soldered oil 
under eide to cover edge of stone 
*"•■ cornice," has relieved us of iha 
aevcrcet re s pons ibi lily. But, as usual, nothing 
on tbu draniogs inUicales tlie position of the 
six " galv.iniied - iron conductors" which tlic 
epeciGcalioD dciiinndi<, and in consci]uencc, tliu 
direction in which the gutters shull incline must 
bo determined by the superintendent, according 
to his best judgment. Thotask ia not difficult, 
and tlic gutter, which is already on the ground, 
having been oxamined and found lo be in au- 
cordaiipo with the detailed section, well formLd 
and straight, is passed, aud immediately hDi£l4.d 
to the roof for putting in place. 

Meanwhile, we descend to the basement, to 
inspect the construction of the piers nnd the 
i^etting of the iron column iu the society, room. 
Ilardlv have wb turned our steps in that direc- ^*" *'■ 

tion when, as wo try to call to mind the basement plan, a misgiving 
seizes us, which is increased as llie Coremnn mason cornea out to 
meet us, and jerking Ids thumb in the direction of llie society-room, 
begins, *' About that ar column, — do you think one is enough to Iwld 
that lloor?" We make no dh^ct answer, preferring to wait until wo 
can understand all the circumstances, which prove lo be anything but 
reassuring. The total length of the girder in the ceiling of iho so- 
ciety-room, from the brick wall which stands under the clinncel steps 
to the east wall, measures forty feet, and the column is indicated 
on the plan as standing under its centre. The clcardistaoce from 
the t»;ntrc of the pillar to tlie wall in each direction is therefore 
twenty feet, spanned by a single 8" x 12" hard-pine timber. The 
rtoor-l«Bm9 are all in place, but the shores set up at random under 
ibo girder to support it while the piers were being built have not 




f et been removed, i 



c unable to judge hj tbe deflection of the 



■ticks nhctlicr llieynrc overloaded o. 

to deteriuine tliia [KiiQl by colcutatioo. The girder 

F X (F'S- 62) carrying tlie wcBtern part of the so- Cnlcolatlon 

... . f . , . . , o» Girder. 

Cietf-rooiQ ceiling is tue most Btraincd, since il bears 

one-half the weight of tlic rectangular porlion A C B D of tbe clian- 
cel Itoor, while tbo girder X E earries only ouo-lialf the sciuicircic 
C E D, whose urea is but about 

four-fifUis tliiit of a reotaogle A C 

of equal length and breadth, 
and we will therefore make our 
estimates for the Umber P X. 
lure Iliat if ibis is strong 
enough for il9 purpose, the our 
at X E will bo moro than aut- 
Gdent. The distance F E be- 
ing 40 feet, and the width ol 
the cap of the column at X. 
8 inches, being deducted from 
the total clear span of tbe two 
girders, liinvcB 19 feet 8 inches 
as tbe lengtli of each betneen 
bearingt. The distance A G 
is SSj feet, so that iliu total 

floor area bearing on F X is equal to "''^''^* ^- 367 square feeL 
The chancel floor is to l>c tiled, and the welglit of tbe Soor, including 
beami and boarding, brick foundation and lilcs may be taken at 
seventy-one pounds per square foot, and that of the plastering on the 
under sido at ten jiounds more, making ciglity-one pounds. 

Besides this load, the supporting timber must be calculated tc 
safely tbo weight of any probable crowd of persons upon it 
the New York building law, the load which must bo assumed a; 
liable to be brought upon tbo floor of a place of jiublic n 
eiUmated at one hundred nod twenty pounds per square foot, inde- 
pendent of the weight of tiie structure itself, and though this is 
probably ratlicr a high estimate of the weight of a compact crowd, 
we shall do best to adopt it as a standard. Our chancul floor must 
then be reckoned at 81 + 1 30 ^ 201 pounds per square foot, and at 




By 

thus 
mbly is 
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die girder eapporU 867 wjuare feet, [lio load will be 201 X 387 =- 
77,761 pouodn, equal!}' divided by tbe beams over llio wlialo length 
of (lie girder. To tbis muet be added the weight of tiie girder 
ilself, which at 46 pounds per cubic foot will be 690, making a total 
of T8,ST7 poundn. Tbe absolute breaking weight, appiii^U at tha 
centre, of a GiMrgia-pine beam U calcuhilod by luidlipljing the 
breadth in inclivs by tiie square of the depth in iDuhen, ami (his prod- 
uct bf 6S0, and dividing the result by the leoglb In feet, or, if 

b " the breadth in indies, 

d^™ depth in indies, 

I — length in teot, ''^^'^'^ = breakbg weight at the cenlre. 
If the load it equally dUtrihated, instead of lieiag applied at the 
centre, twice as much will be required to break the i>eani, or 
'*' ^ ^ " ^ = breaking weight if uniformly distributed. As, 
however, timber defleuts seriously and peruianently long before tbe 
load on it reaches the breaking point, and as it becomes weakened by 
undue strain or other causes, it is considered tinsafe lo luad it with 
more than one-third tbe calculated breaking weight, so that the re- 
sntt of the operation indicated in this second formula should be 
divided by 3 to obtain the safe distributed load ; thus, 

f_____ ^ jgfg distributed load. 

Appljingilhls to our present beam, whose breadth la 8 inches and its 
depth 12,-'ftc length being lOj feet, we find ihat *X iH x 6WX2_ 
!],t7S pounds is the utmost distributed wciglit which ca:i safely 
be put on it. As our calculations have just shown that it is 
liable to be called upon to bear 78,377 pounds, there is a very 
evident necessity for doing something to strengthen it. What slepi 
should be taken is a matter for tbe architect to decide, and we notify 
him at once. There are several methods to choose from. Addi- 
tional columns can be int4jrposed between the central column and the 
walls ; or the girders can be replaced by stronger ones, leaving the 
single column in ibe centre ; or additional rows of girders can be 
put in, each supported by columns. While awaiting bis reply -we 
will inspect the brick piers which support the girders in the main 

cellar. Of these there are rntber more than is neces. 
Drtok Ptara. , , , . , , , . , 

snry, the plan showing them spnced but six feet apart 

from centres. A tewr only have been built, of well-formed hard 



brick, ttvclvo inches square, as the pinn iibows, bui with juinta of a 
euspicioua graj'-blue color, iosteaU of brown. Thcj* have been oom- 
pLeled Mime three dayg, but we find that a knifivbliiije eubil/ peo- 
etratei the mortar after tlie outer crust it pierced. Calling the 
mason, we nsk him if the piers were laid in eand and cement, only, 
without line, as the Epecifiuaiion required, lie answers with con- 
liderablo hcEitation that " a liille linie might ptrhapa have tMicn put 
in, but it is moEtl/ cement." Our euspiciona ore not allajod, and 
we ask to see the cask from whicli the cement was taken, and to 
nave the mortar mixer brought t>eforG us. The forcmnu is about to 
disappear in search of these witnesses, but wo detain iiiia and send 
a boy in hia stead, who does not return; and after a good dual of 
writhing, our eaptlva confesses, being conlronted with the soft mor- 
tar, that there was no cement on the ground at the time, and he had 
had the piers built wltli the beat mortar he could possibly make with 
ibe materials at hand. 

" What did you color the mortar with, to make it so dark 7 " ws 
wk; and the foreman replies, "Well, wu didn't euppose you would 
know ibo difference, bo we ecot over to the grocery store, and got 
some lampbloi^k, and mixed it in." 

Wo impress upon his mind oi 
ing all the piers demoliiihed in 
sD admonilioD. 

The Architect is at a distance, and before his answer about the 
girders arrives wo have nn opportunity to inspect the roofing work 
again. The gutters are on and properly braced, the flashings fin- _ 
ished behiiTd one gable, nnd far advanceil on another, and slating 
has begun. The slates have but just arrived, and wo 
■top to inspect them. The spccificAtion describoa 
them only as "good black slaie," but in the lot delivered, and 
stockud near the hoisting tackle, we observe several different Tarielies. 
Some are thin, hut with a beautifully smooth, sliining surf.tce, and 
very black : tlieso are from Pennsylvania, and are of excellent (jual- 
ity ; Dlhers from Maine arc split a little thicker, and are also smootli 
and aliining, but with a grayish lustre, like black lead ', others again 
■ra thick, witli a dead look, and crumble at the edges on being 
■trongly pinched. We take one of die last-mentioned kind, and set 
it np on edge in a pall of wati^r, leaving it a. few minutes, when th« 



objection to such tricks by order- 
jr presence, and dismiss him with 



•lata. 
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9 seen U> risu in tlie sitbEtnnc« of the ilonc lialf an iiicli or 
more rtbove tLa surface of llie water. Tbis »liite is tlu'rtfore absor- 
bcnl nnti bad, and must bo ■wholly rejected, vrliilc, as it vroiilj giTu a 
ragged toolc lo ice two kinds used togettjer on a roof, ne Buuimon 
the cantractar and request liiui to clioose betweca tbe Maine or ibe 
PeDDsylvsDia slate, eitlicr of vliicb will be acccjitablc, and eend 
avaj all oibera. 

ABcenrling oow Ic the roof, we reach tlie gabtc wall, behind which 
tlie roofer U inserting his flitshings. As we approach, be hastily 
hunUlei together a quantity of pieces of zinc and throws tliem behind 
him, but the appearance of the work gives no cause for Euspccling 
anything wrong. The lead is smoolhly turned into its rcglet, and 
the groove filled with cement ; iho soldering is well done, and tlie 
lower edge at the proper disiauce from the roof, and all closely 
dressed down lo the stone-work. We take a conveaicoc stick, anil 
turn up the edge of the lead cup far enough to be able to inspect the 
flashing l>eneath. Inatcail of extending up the wall to within half 
an inch or leas of the reglet in which the capping is inserted, it is 
turned up only about an inch and a half, so that the cap just covert 

Turning to the abashed roofer for an explanation, he says that he 
saw no necessity for turning flashings up eight inches, which would 
be the distance between the roof surface and the reglct; that two 
inches was enough for any one, etc. Wo do not stop to argue the 
question, but simply direct tho cnp to be turned up throughout its 
length, the under flashing to l>e replaced in accordance with the or- 
ders first given, and the whole left exposed for a second inspection 
before the lend cap is turned down again into its place. Taking the 
roofer with us, we make our way to the other gable, where both 
upper and under flnshing prove to be of the requisite width, but the 
lead, instead of being cemented into the groove, is wedged in with 
slips of woo<l. We have these replaced with slate chips, and the 
groove flilcd witli fresh cement; then look to see if the tarred felt 
which 13 being spread over the rouE under the slate is flexible, and 
the rolls perfect, instead of being, as sometimes happens, full of holes 
and flaws, and the material itself brittle and rotten. A gUnce is 
sufficient to satisfy as in these respects, and our duties are over for 
tlie day. 
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A letter received from llio arcbitect before our next viait explain* 
(be unfortiinaie oversiglit io relation to tbc girders in the ci:iling o( 
the ■(K:iel)--rooin. It scema tljiiC tbreo columns liad been indicated 
in tliis room to support Ibe line of girders, dividing tlie lengtb into 
four spans, for wbicli (lie timljcr would liavc been Bufficicnlly strong, 
and the estimalo bad liccn made including this arrangement, and tile 
contract signed in accordance iritb IL Immediately after tbo sign- 
ing of ibe contract, however, the rector of tbo cbureh had repre- 
sented to the architect tbe inconvenience which would be caused by 
the row of pillnra through the middle of a room devoted to go man)' 
nws, and had engaged him to reduce the supports to a single central 
colnmn, strengthening tlie girders sullicicntl/ to compensate for tbe 
increase in their length. As time pressed, the architect had hastily 
erased two of il\e columns from the tracing of tbo basement plan sent 
to the contractor (or commencing operations, leaving only the einglu 
central one, fearing that any delay might cause useless foimdations to 
be put in for the pillars first shown, and intending to arrange for the 
substitution of iron beams, or girders strengtbcaed in some other 
way, for those specified 1 but this had slipped his mind until he re- 
ceived our letter. As a considerable saving in cost was effected by 
omitting tbe two iron columns, a corresponding aliowaree would 
have to l>e made from the contract price, to bo offset against the ex- 
tra cost of strengthening the girders. Just bow this should be 
effected he did not wish to dictnte positively. Ills own idea had 
been to substitute two rolled-iron bciims, placed side by side 
■nd bolted together, for each of the wooden girtlers, hut this would 
be expensive, and although be was not restricted as to tlia cost of 
Bulking the change desired by the rector, he would like to save the 
church all needless expense, and if wo could devise any cheaper 
mode of trussing the present girders, or otherwise supporting tbe 
floor, he would leave the matter wholly to our judgment, in which 
be had great coulidence. Tlio girders, he would remind us, were in- 
tended in any case to be plastered over. • 

^The writer fevts im II lie owed luinpology toliblQiBglDarT4T?Ult«at fDrexliltH 
Iting Iiira M Kollfj ol lo m&iir iiiLeukes and ovenLgbls, bnt lie Is uiiiloiii Id Im- 
pnn opon Uis nilnds of Uls remlen ilis Wiana that sn efllclent aupLTiiilBn ileal 
■honlil be able lo erittolSB anJ correot in gooil ilino, It nsecinJicy. tlio work o( the 
•i«hil«(it,aiid lanolin biseleiul upon oci^ajluD. Illacljillty lodaBo will not be 
Ukel; to mako blm uier-Corward In ihruillHK IilniicU Uuo tbs olLer'B place, 
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coataiDcil in tlie letter, we 
tnexpcnsivo mode o( truBsing 



In accorilance with llie ii 
sot ourselves to devise, if po: 

the girden to wiiich it relate^ and tberehy fulfil tlie architect's 
nisbes b^ inving the cost of iron beams. Some further calculntioDB 
will bo necessary to test the expedients itiiicb occur to us. Tba 
present girders have bven proved to possess oolj- nbout one-fourth 
tlte re<iuiiitu Btrengili. Tlie most natural v/a,y to increase this would 
tHi to wl-i olIuT limbers beside the oris inal ones. If four girderi 
of wiuiil siie with the one wo have were placed side by side, and all 
bolted together, so that any faurdoo on one would be resisted by tbe 
combined strength of the four, the problem would be solved, but in 
a very awkward manner, since the cap of the single column would 
have to be dangerously extended in order to support the ends of all 
the girders. 

Perhaps this might be obviated in anotlier way. Recurring to 
the formula for transverse strength of beams, we notice that while 
the resistance increases directly as the breadth of the timber, it is 
augmeutcd In proportion to the tquare of its doptli, to that although 
A single beam of four times the strength of one girder, and of the 
Mmo depth, would need to be four times as broad, a beam equally 
strong would be formed by a timber of iho bboto breadth, but (rf 
only twice tbe depth. As our present girder is 8 inches broad by 
12 inches deep, a stick S inches by 24 would just meet our wants. 

Unforttinatety, it is impriicticablo to procure beams oE such di- 
mensions, and we must try some other expcdienL It would be of 
no avail to put a seconil 8x12 girder below the first ; each of them 
would bend independently of the other, and their united strength 
would be that of two beams only, insteail of four. 

Iron might be employed for strengtheDing die wooden sticks. A 
(trip of boiler plate, 12 inches wide and liiilf an Inch lliick, might 
bo bolted on each side of tlie present girder, strengthcciing it per- 
haps sufficiently ; or rods might be used to form a " belly-tmsa " 

Willie It maj a»s Ilin Ikttar InBiitui trouble and aulaly. For (111) riMiaii (Iw 
vrltsr mprestnU hit Hrcliliect at negleolfnt and igDoriuiE, ■olel; for tha take ot 
■howlni tbe m; In nbicti the good supsriDIandent con bring blui out of ill* er- 
ronwlth credit, or. If twtb offices are ddI ted In one person, how tbenrelillectcu 

he majr l>e called, cnii only give proof at Uli mrled atilUtr by b«lni[ turnlsbad 
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(Fig. G3), the strength of which would depend mainly on the depth 
whieli could I>e given to it- 



Fig. 6 J. 

Titis would, however, cause an ansi^htly projection into the rcioni, 
which must be furred over to oonceal it, and the trussing, though 
cheaper than the flitcli- plates, would still be somewhat 'costly. 

BeSecting upon all theao devices, it occurg to us that if a second 
beam similar to tlie present one coald be placed below it and 
strongly connected with it, so as to constitute practically one limber, 
the desired result would bo attained in a form extremely compact 
and simple. Turning to some text-books which we have brought 
with us, we learn that tliis can to a limited extent be accomplished 
by bolting or strapping the two j>ipces together, and either indenting 
them into each other as in Fig. G4, or notching them and inserting 
hard-wood keys, as in Fig. €S, the sole object of the indtntations or 
keys lieing to prevent the slipping of tlie contiguous Burfaces of llie 
beams upon each other, so that in order to heed, the lohole of tlie 
lower part of the compound beam miiiit be stretched, and the whole 



S 



jf the upper part compressed, just as if the beam were in one 
piece (Fig. S6), instead of the upper and lower halves of each slick 
undergoing their own separate compression and extension, as in 
Pig. 67, which shows the action under stress of beams superposed, 
hut not keyed together. 

The books inform us that compound beams so keyed together and 
lightly bolted are nearly equal in strength to a solid stii.'lc of the same 
dimensions, Ijearing in mind that the depth of the indents or notches 
(or keys must be ded-tctol from the total depth of the two timber* 
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in oiiJor to obtain the effective dtptli which can alono bo used ni • 

factor in cHluulating tlic strcnglh. 

niis expedient may furnish us with a resource, but wa find on 
careCnl study that if eight key-3 were used, which would be a aulB- 
cient numltcr, the deptb of each wouiJ bave to bo within a tmall 
fraction of four inches, two inches being cut out of each timber; 
and in order to obtain a net depth of 2i inches, which is what calcu- 
lation shows to be neceuary for the strength which we reiiuire, thb 
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aggregate depth of the two sticlis before cutting must be 39 inches. 
Hence, m the one already in is 13 inches deep, tbe otlier must be 
10 inched. A IG-inch Georgia-pine timber happens in this place tt 
bo difficult to obtain, tbe stock sizes running only to 14 inches; 
■0, after considering this objection, we are induced to searuli for 
some still fiirtlier means of bo combining the two beams as to secure 
tbe whole substance of the lower one for resisting tension, and of 
the upper one t« resist compression, the essential requisite for 
enabling tlia compound girder to act as a single timber. 

Calling to mind tbe construction of certain bridge trusses, in 
which the upper chord is brought completely into compression and 
the lower one into tension by means of inclined struts, which retolve 
the downward pressure upon them into a push with their heads in 
one direction, and with their feet in the opposite direction, and be- 
ing arranged so that hulf of them point one way and half ot them 
the other, mutually act to compress the upper and to Btrelch the 
lower chord with ihcir united force (Fig, Sfi), we relied tlial if 
similar means could bo applied to two superposed beams, tbe result 
migLt be j list what we desire. 
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TliB action of the obli<jiia rtruta in tlio bridge can be applied to 
ihe compound beam in the simplest pOBsible way by nailing obliqun 
pieces of board firml)' to ihe timbers, reversing tbem on oppoiile 
wdes, in imilation of tba rcferstf: I'.ruls in the bi idge truss (Fig. fi9). 
If these boitnls are IJ incho* thick, tUeir united strengib will be 
greater llian lliat of either of llie beams, and if well nailed, so aa not 
to spring, the lower beam will be Uim npart before they will yield. 







Tbe noils, if long enough to penetrate three inches or more into the 
girders, can only give way by shearing, which would require a force 
greater than wmilU be necessary to break a solid beam. The 
strength of a girder built up in this way will not be affected by 
shrinkage, which soon oauscs more or less ileflcclion in those in- 
dented or ke)*cd together; for its resislauce is maintained by the 
board struts, which act only in the direction of their length ; and 
this remuns invariable whatever may be the lateral shrinlcoge. 




As a compound beam of this sort is a novelty in construction, wo 
do not venture, although the theory appears satisfactory, to apply it 
to the important case before us willioul testing it by models. Two 
or three of these are quickly made, at one-eighth the size of the real 
girder, the two sticks which we propose to combine into one being 
Kcnrately cut out of Georgia pine, each 1 inch wide by 1} inches 
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deep. At tlie ta.me scale with tlie otber Jimensionn, tho length, 
lo repreeenl the lengili of the real girJer, woulU be about 2^ 
feet, but i( our IliLHiry is correct, even the Bmall moilel, if cut bo 
thoTt as thi9, would require n distributed loud of nearly 4,000 
pounds, or a centre load of about 3,000, to break it. We can, how- 
uver, reduce the traosverso strength bj* adding to the length, and if 
this ii made 10 feet, or four timuB that (irsl proposed, (he centre break- 
ing veiglit will be approximatelj 500 pounds, — J o£ ihe first result. 
TLk is quite nitliin our reach, nnd we cut off the sticks nt 11 feet 
length, set tlicm one above the other, and put on each side slips of any 
wood nt band, n littla more than i inch thick, set at an angle of 45° 
with the top of llie beam, and nailed with nmall brads, about J inch 
long, three in oaeh end of each piece. These very well represent 
the tpikes to bu used in the real beam. 

Setting up two tresilei, wiili triangular pieces put on top so as 
to giTe snpports eiacily len feet apart, we bang a "scale," or plat 
form susjiended by ropes, widch is used to boist bricks or other ma- 
terials to the centre of the model benm, first weighing it accurately. 
Before going farther, fiosti niUBt bo set up in pairs, enclosing tlie 
moilcl beam between thero with just enough room lo allow it to deflect 
freely. This is to prevent the beam from turning over on its fide, 
which so Email a stick is liable to do under a centre load. Then 
bricks are piled on the scale, weighing each one before adding it. 

The centre breaking load of a solid Georgia-pine tieam 1 inch 
wide, 3 inches deep, and 10 feet long, is 49S pounds: that of two 
Bticks each 1 by I ^ inches, by 10 feet, superposed, but not connected, 
would be 247^ jiounds. The strength of our model cannot possibly 
exceed the former, but should, it our reasoning is correct, approach 
it. As tlie weights are placed one by one in the scale, we adil u|) the 
total load, and experience a lively interest as the stress upon the 
beam begins to approach four hundred and fifty pounds, without any 
sign of giving way. The ileflection is considerable, and the model 
is evidently under severe strain, so, to avoid the sliuck caused by the 
placing of a brick on tlie pile, we increase the loaii more gently by 
ponring on weighed portions of sand. Four hundred and fifty pounds 
are passed ; then four hundred and sixty ; and little by little the 
weight approaches four liiindred and seventy. Just as tliis point is 
reached, a warning crack is heard, and we stop ; but nothing fnr- 
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tier follow*; we rocommence pouring, but before another pound is 
kdjinl, Llie beem yiulila, lulling tLc scale drop suddenly, and on ex- 
antiaaLioD the lower stick of the combination is found to be torn 
asunder. No change whaterer is observed in the board struts. 

The second model breaks at four hundred and seventy pounds, and 
a lliird at four hundred and seventy and a half. Comparing these 
with the calculated strengtli of a solid beam, we End that the girder 
built iipby our simple mutliod proves to possess astrengtb about equal 
to niaety-five per cent of tliat of a solid beam of the same breadth and 
depth ; a result superior Co that obtained by indentations, or keys 
and bolts or straps, and at a fraction of the expenMi. The carpen- 
ter, who hod viewed our preparations with an ill-concealed scorn for 
" tlicm Utile slivers," is profoundly impressed al the resistance which 
the slender model displays, and respectfully listens to our directions 
as to the moile of trussing the larger timbers. A very simple calcu- 
lation only is needed to show that if the strength of one 8" x 12" girder 
of the given length is sulficient to carry safely 21,473 pounds, as 
previously nscertaincd, ii solid beam of equal width, but twice the 
depth, would carry four times as much, namely, 63,912 pounds, and 
that if for the solid beam of 3 by 2t inches a compound girder were 
substituted, built up of two superposed B by 13 sticks in sucli a man- 
ner that it possessed ninety-five per cent of lbs strength of a solid 
beam, tills built-up girder will sustain safely S1,GI6 pounds. As Che 
load upon our floor with ISO possible pounds of humanity per square 
foot ailded.and including the weight both of the girder now in place, 
and the new one added beneath it, will be but about 79,200 pounds, 
n gives us assurance of success, and we hasten to put 
;e the compound beam thus made forms virtually 
a lattice truss of which the upper and lower chords are in conCact, its 
strength, like that of all trusses, could be increased by leparaliitg the 
beams, so as to make the depth of the truss greater, and in this case 
the side struts should be stronger in proportion to the longitudinal 
timbers. Our girder is, however, strong enough, and more compact 
than a truss. It is quite important to gain all the room possible be- 
neath the girder, as well as to have it rest properly on the cap of tlie 
column, so we will, after shoring up the ends of tlie beams on each 
side, cut oS the portion which overlaps the girder, and afrer rhis 
bai been reinforced with the second stick, and the boards nailed on, 



M BiruJlIKO SVPKRISTZHDESCK. 

the cam[ioun<l hvnnt can he puslied up between tlie wula ol the jobti 
flush nitli their top, and theso will ihen, instead of resting UirectI/ 
on the girder, be supported by tlr'iia o! wood 2" x 4", spiked to the 
girder on ench side over the board alruts. 

Having mode careful Doiee of the quantity of extra timber used 
for the nev Crussed beams, and of the time orjupied in cutting oat, 
makiDg over and replacing the work, in order to adjust the cosCsub- 
•equentiy, ire turn to look at the lining nail of the rooin, which is 
being built up inside the stone-work. As tliis wall is to be plastered, 
care must be taken not to " strike" the mortar joints off flush with 
the surface oE llie brickwork, thus taking away the projections 
needed for the plaster to cling to. The coaiuion way of reserving a 
projier " key " is to leuve tlic mortar irregularly projecting, as it is 
Btjnuexod out of the joints when the bricks are hammered into place 
with the trowel ; but many builders tind that tlie annoyance caused 
by the occaKional projection of the dried mortar l>eyond the line of 
the plastering is so great that they prefer to lay the borixonlul joints 
full of mortar, striking them off smooth, but to lay the vertical joints 
" slack," that is, only partly filled with mortar, so aftto leave cavities 
into which the plaster can penetrate and obtaiu a Arm hold. 

The lining wall Is often built before laying the floor-beam!, which 
rest on tliis, nod not on the main mass of masonry; but, although a 
four-inch fariuk wait, well tied to a thicker one behind it, possesses 
sorprising strength, the unusual weight of the tiled chancel floor 
mokes it desirable to support the beams which are to carry it on the 
heavy outside wall. In tlie tower vestibule, however, there is no ob- 
jection to resting the timber ceiling on the lining wall, which, being 
of face-brick, will not be built until near the completion of the struct- 
ure, to avoid marring it. 

The piers are next inspected, and prove this time to be well built, 
of bricln properly soaked in water, and laid with cement mortar. 
One or two are crooked or out of pluml), and we order them to be 
taken down and rebuilt; and in a few instances chips of wood have 
been used as wedges between the top of the piers and the girders, 
which, as they would soon shrink and allow the floor to shake, we 
have replaced with stone chips or slate and cement. 

The church at our next visit is a mane of acaSolding, put up for 
the use of the plasterers, and furring is rajiidly going on. Thn np- 
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right Btude against the walls are all Id place, and spiked at BtrDDglf 
u may b« to the maeonry. Some builders rake out a joint, and drive 
in a wodge-sliaped pieco of 
wood for D ailing the fur> 
rings to, and others build 
" wood bricka,"or short bits 
of juist, at iDtcrvals into the 
walla, for the same purpose ; 
but Bucli pieces are very apt 
to shrink so much as to be- 
come loose, while the driving 
of wedges may endanger the 
stability of tlie wail, bo that 
the practice of driving tlie 
spikes directly intn tliu mor- 
tar is generally preferable. 
Very rarely the joinia are 
raked out and slips of lead 
laid in, the spikes being driv- 
en between these, but the 
At all ovent!i, it is desirable an'* 
;8 by angular bridging (I'ig. 70) 



Flf. 70. 

pdn Is hardly worth the cxpeu! 
usiul lA stiffen the upright fu 

partition. 



dioulil at this slage be 
taken Ur lessen the dan- 
gerously inflammable / 
quality of tliis light con- ' 
Btrnction. As all those 
experienced in Sres 
know, the furring studs 
Mt against the walls of 

lofty fliies of inflamma- 
bls matorial behind the 
pUslering, up which the 




with incredible rapidity, ur^ed by the ttrong clra 
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vrkicli cnn at all linieB bu felt nisliin^ up iLrough them, and a emul! 
fire originfiting in Uie basement uf bucU a. building uaually breaks oul 
imraediiitely in lUe root, where it ia uncontrollablo. Tlie nieana for 
preventing this, and confining an accidental fire within the limits 
wbcre it can be reached and cxiinguioLcd, arc extremely simpie : a 
■inglo row of bricks laid in coarse mortar on ibe floor betwccu the 
furring studs will cut off tlio eommunicalion between the cellar and 
tlio tpace behind tlic plastering, bo that a fire catching in the base- 
ment from spontaneous combustion of coal, proximity of smoke-flues 
or farnacc-pipes lo wood-work, or any other cause, is coinpclleJ, for 
want of access to llie concealed passages behind tlie furrings, to burn 
tlirougb Lito tlic room, where it mny blaze for liours without doing 
much harm, and is cosily qiicnchod with a few pails of water. Two 
rows of bricks are still better than one, and the only precaution to 
be observed is to fill up the ahole space from tbo stone wall to the 
inside finish, — wainscoting, sbcatliln^, plaster or ba^e-board, — with 
the mass, so as to leave no openings. If a second barrier of coarse 
mortar and chips is laid on top of the bridging (Fig. 71) all around 
the building, it will be doubly protected, and its destruction by fire 
will bo rendered slow and dilScult. 

While tlto furring is going on, the plast 
mixed, and the door and window frames set. 
latter are usually set in place at the beginr 
around tbem, and this is sometimes done in 
by itie best builders, a 
knocked sligbtl/ out i 

against them; and by laying the stone-work separately, wit li plumb 
rule and level, and afterwards trimming it, a mueb emooibcr and 
■traigbter surface is obtained, against wbiob the frame can be fitted 
weather-tiglit, without the unreliable and often unsightly pointing 
from behind with mortar which tlie other method involves. 

With the best of workmnnaliip, however, crevices are sometimes 
left through which the wind can penetrate, and wherever the wind 
can go, rain and snow will follow, so that auertain amount of pack- 
ing is gunerally neeessary. This can best ba done with cotton, ilriven 
in between the wood and the stone, where it is kept permanently in 
place by its own elasticity, while it checks the eurmnt of olr very 
effectually. 



cring mortar should be 
In brick buildings the 
ing, and the walls buiit 
Bione Btruciures, but nit 
.9 difficult to keep the frames frotn being 
shape by the setting of the heavy s 
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Tlie plastering is briefly specified to bo tbu beit Clirce-cout work, 
*and GnUbed ibroughouL At luuat as souii as the furring U begun, 
tliQ Buperinlcndcnt shoidd see Uiat llie iiiaturiala aro at Imnd for 
making mortar enough for Ilia whole of ilie plasteriDg. By recol- 
lecliag tliat one hundred si[iiarc yards of three-coat plasleritig re- 
r^uire three casks of lime, three ODe-horee l;jads uf sand, one and a 
half bashels of hair, and about tno ihouaaod laths, the total ({usn- 
tit; needed of each is easily rcekonGd. A place nboaU tbcD be pre- 
pared without delay, vrhero tlie whole miMs reiinisite for the first, or 
scratch, coat can be m'lxeil and allowed to cool for a week before any 
of it is pot on the walls. In this way only can we guard against the 
ocuiirronce of particles of unslaked or partially slaked lime in the 
mortar, whieli will coatioue to absorb noixturo after being spread oa 
the lallis, and perhaps months later will cause small cracks or tilis- 
lers, or throw off little chips from the plastering, disSguriog it very 
much when it is too late to remedy the evil. 

In regard to the manner of mixing, tlie practice varies. Occa 
tionally a mason is found who is wiUing to slake the lime by itself, 
and leave the paste forscveraldaysorweuksi—u year, even, in some 
cases, — during which it becomes somewhat more Grin, and acquires 
a beautifully smootL, "fat" quality, aomcllung like cream cheese. 
This Leap of paste is drawn upon as wanted, and mixed with the 
proper proportion of sand and hair, then put immediately on the 
walls. The disadvantages of this process are the dilGculty of dis. 
tributing the hair evenly through the stiffened paste without the 
lielp of water to loosen the tufts, and the increased labor rajuirod 
for working the morlar. The advantages are the perfect hydration 
of tile lime, by which chip-cracks and blisters are wholly avoided, 
the smoothness and hardness of the finished jilastcring, and its 
greater tenacity, since the hair, not being added until the lime is cold, 
retains its full strength, instead of being burned and corroded liy 
■tee^nng in the hot, caustic mixture wlik-h is the first result of slak- 
ing. Few builders, however, are disposeJ to proceed in a way so in- 
fMnvenienC to them, and content themselves with spreading out the 
lime, pouring on water from a hose, and after a little stirring adding 
the iiair, whivh is mixed into the steaming liquid, and the sand im- 
mediately thrown over it, Incorporated as well ns may be, aud the 
whole mass piled up for use. The hair in this case dt-leriorstes as 
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faat as tlic liaie iniprovei, ■ 
ver^ bonoliciiil lo the ]at 
former, so tliat a course mus 



111 a seunn of cooling wLich would be 
^r ingrndieDt will neai-ly destroy ihe 
Ducds lie taken tuidws}- between tlie two 



WLatever mode is adopted, a clean floor of planks must be Itiid, 
wil.li Bides a foot liigh or more, to keep dirt from buiog mixed with 
the mortar. There is a process, said to be in vogue in certain coun- 
try dlatricts, of slaking the lime upon the ground, and then hoeing 
up grass, roots, soil and lime into a viscid mess, wliieli is spread upon 
the laths, where it stays long enough for the muson to gut liie pay ; 
but Kucb methods of oonfltruction are not nitliin the scope of tliia 

It is not always easy to tell by tlio appearince of a heap of pla»- 
t«ring mortar vlictlier the lime, sand and hair are of good quality 
and in suitable proportion. If properly mixed, which will be shown 
by the absence of streaks in the mass, a small quantity of the mor- 
tar should be taken up on a trowel, slate or piece of board. If it 
haDg9 down from the edge without dropping olf, the ijuantlty of hair 
i» sufliflcDt; or, if it is practicable to see the mixture made, one 
bushel of hair to each cask of lime in the first coat wilt be the proper 
proportion. The quality of the hair can Iw tested in the same way. 
Long oz.h^r is perhaps llie best. It is strong, and tlio fibres an 
indi or more in length. (Joal's-halr is longer, bnt not so strong, and 
short cattle and horse liair is of the least value. On drying a small 
quantity of mortar, an excess of sand will be sliown by its being 
easily rubbed away with the fingers. The quality of the lime is best 
tested by observing the slaking. For pltutering, lump-lime only is 
UEed in onlinary cases, and it should slake enlarge lically and fall into 
a smooth paste, without any refractory lumps or particles of " core." 
If such are found, all tbe casks of that brand should bo rejected. 

Before lathing, grounds must be put on wherever necessary. 
These are strips of wood planed carefully to a uniform tliickness, 
ieveO'^ighths of an inch or more where the plastering is to bo three- 
coal, or three-fourths for ordinary lwo*0Bt work, secured to rlio fui^ 
rings in snch a way as to give convenient nailings for the subsequent 
finishings ; one row, for instance, being set an inch or so below the 
top of the future base-board, two or three in the height of a wain- 
scoting, a border around each door and window, and so on. Being 
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of equal lliickncgs, and usually straightenod with the straigbt'cdge 
U)d pluub ridu to correct any irregularity in the furringB or studs, 
they afford guide* for briaging die plaster to an even surEace. 
Further guides are foriued by the aagle-bcad?, or gruunda of other 
■hapea, irliicb ar« secured to the corners of the iralls before lathing. 
The customs of difFercot localities vary 
in this [loiat, and tlie superiulendenl 
will probably be aslced to decide on 
come particular mode, if the tpcci&ca- 
tion gives no delinile instructions. 

In tliH Eaatern States, where walls 
nre nlmoBt inrariably papered or deco 
rated as soon as IJnitUed, it is usual to 
null to the studs at the angles a mould- 
ing in section like Fig. 12 or 73. This 
serves ns a guide for putting on the 
mortar, anil when the plastering is com- 
pleted gives a finish to tlie corner which 
is not readily broken or scratched, and 
is easy to cover with paint or paper to 
good efiecL In New York and other 
places where a pure while hard-lin- 
ishcd surface is or baa been fashion- 
able, it is custotnary to turn the corners 
by means of a "rule-joint," worked in 
the plastering itself, and consisting of a 
vertical semi-cylindrical moulding some 
three-four the of an inch in radius, nhi(;h 
stops against a bevelled surface a tittle 
below the cornice and above tlie base- 
board or wainscot (Fig. 74). 

These rule-joints are beautifully ex- 
ecuted by the best plasterers, but they 
cause a rather awkward succcs-iion of 
breaks in the vertical line of the angle, 
ihice the plaster must bo fully brought out to tlie corner above and 
below all mouldinga, as otherwise a troublesome horizontal surface 
would be left (Fig. 75), which with the small wooden nngle-bcnd i* 
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Dot noticeable; and they are liable to acratcbes and abra^Joa during 
die progreM oF the work and afterwards. This risk of abriuioD ii 
with plastei angles a serious matter, and tlie dillicult/ of the eommon 
rule-joint is sonietimeB overcome by Bquaring out tlic plaster to the 
edge, and subsequently putting on a wooden Baddlo-moulding (Fig. 76) 
eut out of a solid piece, but this device has little to recomitieuil it. 
For so large a building as a cbdrcb, the rule-joints have a niassive 
look which is pleasing, eo wo cboose this method of Gniahing tlic cor- 
ners, and leave the lathers to tbeir task, first enjoining upon ibem to 
set the laths at least three-eighths of an inch apart, and U> break joint 
every six coursea. 

The weather bavifg now settled to steady cold, it will bo necessary 
to heat the building by artificial meant, to prevent the plaster from 
freezing, wbidi will disintegrate it and cause it to crumble and fall 
oS the UtUs. Some supervision eliouid be exercised over the stoves 
or furnaces employed for the purpose, as workmen are incredibly 
careless and indifferent about the dangers lo which they expose the 
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ndoni must be well closed with 



property of other peopli 

boards, and temporary windows inserted. 
After the first, or scratch, coat U partly 

on, the superintendent should endeavor to 

look behind the laths, to see if it has been 
well trowelled, co as to 
press die mortar through 
the openings and cause it 

weight, forming a book by 
which the plaster is held 
to the laths. As this 
is the only way in which 
the whole substance of the 
plastering can be kept on 
the walls, i 
eary that 
clinch well 
and walls 



nga should 
■ every lath, 

ond or tliird lath. The 

i-aluldng should be thoroughly done, 'as it affords the ker for the 
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■ecuod coat, and there sboultl be no appc&ranco of tufts of Iiuir, whicli 
would ihow tliBt the mortar bad not Jieen tborouglily mixetl. 

Care sliould be taken to tee wliether the BpeciRcatioD directs that 
the plastering eUall bo carried to tlie door everywhere, or gnly to the 
gri)uiidB> 

It is BO habitual witli builders to piaster only to the grounds that 
tbey frequently overlook the directions which require a better mode. 
Of course it is unnecessary to carry the hard-Gnisb bcbinil the vrood- 
work, but tlie first two coata should be refiuired, if any plastering in 
that position is specitied. 

at, all the surfaces must be brought to a 

raijjht, llic walls plumb and the ceil- 

corrcclions can be made afterwards. 

interior of tlic church are so broken that no 

o obtain a true surface, and we m.iy content 

n oE nacb, to detect irregularities, 



By the second, or brown, ct 
true plane, tho angles made s' 
ings level, since no c&cctual 
The wall-spaces in tlie 
great care is required 
ourselves with a close 



■nd tufts oE hair, which will make 
work. The bronn coating must on i 
until the Qrst coat is thoroughly dry. 
work, in which tho first coat is ofli 
when tho second is put on, fretjuunlly I 
manner, thereby weakening 
of the walls 
the scratch 



iglitly spots in tUu finished 

account be allowed to begin 

Men accustomed to two-coat 

only superficially hardened 

lat thre«-conl work in the same 

tho wliolc. IE part 

be plastered on brickwork, and others on laths, 

is put only on llie laths, and when this is dry, the 



brown coat is spread over the whole, including the brickwork. 

After the brown coat is dry and hard, the rule^pints at the angles 
should first be made, and the hard-finish tbcn applied. This, instead 
of being mined with little or no sand, and with a portion of plaster of 
Paris, as would be proper for a smooth surface, should for our purpose 
contain a large proportion of ratber coarse sand, sifted so as to bo 
imiform in groin, and little or no plaster of Paris, which would set 
so quickly as to hinder the thorough rubbing with the float which 
is necessary to bring the sand evenly to the surface. 

The plastering once dry, the wood finisbiDg can proceed without 
Ilindrance. Tiie superintendent must henceforib devote himself con- 
scientiously to the study of the detail drawings as they arrive from 
the artliilecl'a office, and endeavor to forestall any slight mistakes or 
tuisllt?, which are sure to happen through the unavoidable variation 
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o[ ibe Gaishcd work from the exact dimetiMons Ehoirn on tbo plana. 
If s panelled wiunscot is «bowm l>e sbould measiiro on llie spot ihe 
lengths of the various portions of wall to which it la to be applied, 
and compare them witli the drawings spacing off the panels as shown 
in the details, bo that there may he no awkward want of continuity, 
or disproportionate members at the angles. The stock for the wood- 
work must also bo looked after. A load of hard-wood lumber iner- 
itsbl}' contains a largo perceotage of worm-eaten, stained or othci^ 
wise defective pieces, which must have the defects cnt out in work- 
ing them up, and a sliarp eye is needed to see that this is done, — 
that a piece of black walnut streaked with while sap is not put into 
an out-of-the-way panel, or a knot cut out and a patch inserted in 
■DOtlier place, where it may he unobserved while fresh from the 
■and-pBp«r, but wUlgrow more conspicuous afterwards. Any care. 
iMsncss or want of decision on the part of the superintendent is apt 
to be taken advantage of. 

Generally, where the floors are double, all bases and wainscot- 
Ings and oilier " standing finish " are put on before the upper bosnl- 
ing is laid. In this way tlic base-lKinrds, which extend hslf an inch 
•F more bdow tlie surface of the upper boarding, which is laid up 
against tliem, can shrink, as thej are certain to do more or le^t, 
without opening a crack between them and the floor, and no care is 
needed in fitting them to the floor (Fig. 77), while with a single floor- 
ing il ii customary either to " scrilM " the base to the hoards, so ns 
to fit minutely M their 
irregularities, wliich an- 
Bwers well enough until 
the shrinkage of base 
and floor-beams draws 
them apart; or to plough 
the base Inboriously into 
the floor (Fig. 78), In 
in all parts exuept the 
lot well be fitted ag^nst the wood- 
easily injured by the operations of 
possible before nndertaking Lhia 
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When all tlio wood-iTork in the nave is finisboil except l&yiog the 
upper lloor, tlia mnrble eteps at the chancel eDlrance may be act 
upon the brick wnll built up to receive tlicu. 

The jouDg euperiotenilcnt slioulj bo famillnr, from obaervation 
■nd comparison iX some good marble-worker's, with tbe appetur- 
knees which cliaracti^ri^e tlio UifFercnt qualities u{ mnrble : 'm liiii 
wftj ooly can he judge with ccrtaiotj' whether the proper kind of 
matfiriftl ia furnished. Often pieces of marble whoee appearance is 
Injured Itf obtrusive spots or streaks are sent instead o( the best 
quality, under the pretext tliat Iboro is nothing belter, and some- 
timei oven a cofirK, eoit Vermont marble, streaked with a blue some- 
what resembling the Italian, is palmed off on a contractor in place 
of it, but the inferior kind can easily be distinguished by its coarse 
grain, and the yellowish cast of the white portions. 

As soon as the step* are accurately set, tbey should be protected 
with boards, and llie laying of the tiles may begin. For conreuience 
lo building, an under door has been laid over tbe chancel, as well 
as the nave and aisles, and this rough flooring should now be taken 
up, sawed into short pieces so as to fit between the beams, and these 
pieces laid in, on strips previously nailed to the sides of the beams. 

The bent, and the only durable, way of laying encaustic tiles on a 
floor framed with wooden beams is to make the foundation for them ol 
briclu set edgeways on llie short pieces of board between the beams, 
but to save material the bricks are sometimes laid flat, thougli the 
result is mucb inferior. In our case the proper mode ia Bpcciried, 
and it is only necessary for us to make sure lliat Ihe strips or " Rt- 
lets" are nailed on at the proper distance from the top of the besio^ 
a matter about which workmen are very careless. 

The tiles are from } to | of an inch thick, and to ensure a contin- 
uous but thin bed of cement between them and the brick, the top of 
llie latter should be ) of an inch below the line of the finished floor. 
Tbe brick to be used may measure from 3 to 4} inches in widtli, ac- 
oordtng to locality, so we try those on the ground, and finil them to 
vary from SJ to 3| inches. The maximum width must be taken, 
which added to the { of an inch for tiles and cement ^ves 4^ inches 
depth from the (inishsd Hoor to tlie boarding, or, as the boarding is ] 
of an inch tliick, S} incJiea from the finished lloor lo the top of the Tdlet. 
The beams should stand in (he same relation to the tiling as they 
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noulil U) a wooden floor of doulile boarding, in order to avoid n dUo- 
greealile break bettreen the clianccl floor and that oC the ndjai^cnl 
rubiDg-room, and as ench portion oE tiie doiiblo flooring is f of an 
inch Lliick, the whole distaace from the finisliud floor to Uiu beams 
will be I) inches, wfalck being deducted from Uie distancQ last found 
will ^TB 3g inches as the proper gauge from the top of tlio beams to 
the lop of llie fillet. A tliorough underBt«ndiog of this matter will 
save much Rubsequcnt annoyance and expense in cutting of! brick 
which are too high, or concreting up from a surface set too low- 
It is better and much more economical to hare tiles laid by the 
parlies who furnish them, and contracts are generally m.tdo for the 
lloor complete, but cases may occur where the local masons will be 
called upon to do the work- In such cases the brick surface must 
be swept clean and thorovghly wel, and tlie tiles must be soaked in 
water for soino time before tlicy are used. Without these precau- 
tions, cither the brick or the tile will absorl) water from the thin 
layer of cement between them, making it powdery and useless. Tlia 
best Portland cement only is suitable for use — the American brnnds, 
if fresh, being quite eijuitl to most of tlie English ns generally found 
in our markets — and is to bo mixed rather thin, tvitiiout any addition 
of sand. The pattern must be commenced /rom Ihe centre, which is 
to ba very tytactly ascertained by previous meuBuremcnt, and straight- 
edged strips of board should be put down as guides for each day's 
work, not only tor regulating the lines of the pattern, but also for 
securing a uniform surface, which is done by Prst levelling them 
carefully, and setting the tiles by means of a straight-edge resting 
on the strips. Each tile is set in a bed of cement spread for it, and 
beaten down to the proper point with the wooden handle of the 
trowel. After a sufficient number have been laid, the joints may be 
grouted with liquid cement, which must, however, Ijo immediately 
wiped off the surface of the tiles, since it is difficult to remove it 
when dry. 

If [ho cement is good, the tiles cannot, after a few days, ho re- 
moved without breaking, so that too much care cannot bo exercised 
in placing tliem properly at first. AVhcn the pattern reaches the 
edge it is usually necesssry to cut many of the tiles. This can bo 
done by soaking them wi'll in water, and then scoring a line with n 
■harp chisel where the M'paralion is to be made; iLcn pl.icing the 
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cLIwI exnvtly on tho line, a sLarp blow yr'M divide ibe tile neatly. 
Wide cIiIm^Is stiould be used, and unleH tbe tile is well soukeil, it 19 
apt to llj into fragmcnLa. 

After itie flogr is done, It is covered niLli sawdust an inch or two 
deep, and planks Iniil over it to walk on. The base-boards and wait)- 
MOtiog are tiicn litlud down upon it. The mBrblu tiling is laid id th« 
Hme nay, on bricks set on edge, but tlie marble is tlucker, usually 
varying from eeven-eiglitliB to one and a quarter inches, Ibe under 
lide being quite rough ; And the dllets should be set accordingly. 
Tbe laying is much easier tbaii that oE clay tiles, and mortar of 
cement, lime and sand In equal parta may be used. 
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; has reached this point, Gpring has ad- 
t days of Mny present llie best possible 
md cleaning down the e:(terior of the 



lo-work- Tho brownsiono ashlar will look best If pointed with 
mortar of nearly ihe same color as the slone, whiiili can bo made by 
mixing burnt umber with the cement used- The best Portland cem- 
ent ts preferable to any other, and is to be thorongbly mixed with an 
equal bulk of 9and, and such coloring matter as may be required, 
but with only just water enough to give the compound a mealy con- 
sisteney. The old mortar is raked out of the joints to a depth of 
an inch, or if, as is likely, that in the upper part is found to be f roien 
and powdery for n greater distance inward, it should be completely 
removed as far as the freexlDg haa extended ; then tliu pointing mor- 
tar is inserted and strongly driven in with a steel jointer or S-sliaped 
instrument, rubbing it until the moisture is squeezed out upon the 
surface. The tool is formed to mould tbe edge of the joint in various 
ways as It Is nibbed. Tlie most durable form is the hollow CFig. 79), 
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but the hnlf-round (Fig. 80) is often used, as well as the fillet 
(Fig. 81). In the two latter the mortar is less thoroughly com- 
pressed, and the projecting part may fall off. 

The cleaning down is done with muriatic acid and water, applied 
with a sponge, and followed with pure water. This removes the lime 
stains, and leaves all neat. 

The subsequent operations in the church, snch as painting, glazing, 
and decoration, can best be studied in connection with other construc- 
tions in which they play a more important part. 
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CHAPTEE IL 
WOODKN DWBLUKO-HoDaei. 

OsK of thn moat difiiouU porlions of nn arcIiUocl's bueinen i» 
preciM^ly that irhicli amateura usually tmagioe to be the easiest, — 
the luperinteadence of the nork coDnccCed with dwelling-hoiisea. It 
IB natural to euppo!ie that ha intelligent hoiaelioUer, irlio lias spent 
ft large part of his time for years in observing the defects in his own 
habitatioD, and comparing it with Uiose of his neighbors, would find 
no difficulty in directing the construction of a similar bnildlag, but 
experience soon shows that the knowledge which most persons have 
of the structures they live in is a very superficial one, consie^ng in 
the observation of results, rather than of the processes by which the 
retulU are obtaineil ; so that the amatenr house-builder is apt to find 
himself quite at fault in endeavoring to give the necessary prelimi- 
nary directions for securing the particular objects of strength, dura- 
lulity, health fulness, appearance or finish which he has most at 
heart. Nevertlieleas, it is often necessary, and always desirable, that 
unprofessional persons sliould be able to direct tlie operations of 
mechanics, and make contracts for various kinds of work, and it is 
hoped that the suggestions contained in the following pages, although 
Intended primarily for young architects and superintendents, will 
not be found too technical for the ordinary rcailer, and that the 
explanations given with regard to the objects which it is desirable to 
seek, and the means by which they can be attiunecl, will be found 
•erviceable to the Urge class of persons who are interested in build- 
ing, either for themselves or others, as well as to those occupants of 
houses already built who would be glad to understand more clearly 
the structure of their dwellings, with a view either to the correction 
of defects, or the planning of improvements. 

The point in which amateurs are particularly liable to fail is ibe 



witli [he 



108 BUILDIKO SDFEIUSTENDEMCB. 

clioaiins o[ a proper site, und as even experienced architects are not 
aJwiivs successful la tliis respect, a few liircctions in regnnl to the 
pliiL'ing of houses upon tlie ground ehouhl not be ornittod. 

In all cases it is essential to detcnuine tlie posuioo approximatetT- 
before tbe plans are begun, in order that ihe building may be so ar- 
ranged as li> present an ^rceaUe appearance fron. 
^i™?* 'l"^ neighboring streeti, tecuring at the «ame time the 
greatest pleasantness of prospect from the windows, 
t cheerful light and sunshine in llio rooms, that the sii- 
tiniion i-an be made to yield. In our climate, the best aspect for the 
windows of living-rooms, particularly of bud-chambers, 
la south or south-east. Such rooms are warm in win- 
ter and cool in summer, and cheerful at all seasons. Next lo a 
■outhern exposure, the eastern is the pleasantest, and Taay be appro- 
priated for dining-rooms, which will tlius enjoy the advantngo of the 
early morning simshine, with coolness during the rest of the day. 
Between the western and the northern aspect there is little to 
choose; the cheerlossness of the one is hardly more objectionable 
than the heat, on summer evenings, of the other, so that these sides 
of a dw el ling-bouse Khould, as far as possible, be given up to inferior 
rooms, halls and stairways. Of course, considerations of prospect 
and position with respect to the approaches must affect the plan more 
or less, but tbe skill of tlie designer will be shown by llie success with 
which ho contrives to satisfy*aU the requirements at tbe same time. 
Other points will, however, claim the attention ot the careful archi- 
tect, besides the more obvious ones of situation and exposure, and the 
final stoking out of tlie building should never be at- 
OhBncter of tempted until they have been thoroughly considered. 
Foremost among tlieso is the character of the ground, 
— whether wet or dry, springy or well-drained. The only certain 
test of this consists in sinking pits at different places, to the depth 
proposed for the future cellar, or a little below, if the trials are made 
in the dry season ; hut indications may be found in the conformation 
of tbo surface. Depresaiona, or level spots hemmed in by ledges of 
rock or elevations, even slight ones, generally retain water near the 
surface. The ridges which enclose the basin may be at some dis- 
tance, but the effect will be the same. Tlic upper part of liill slopes, 
itm, contrary to the common notion, is very apt lo be wet and springy, 
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while rock] reijioiw Mldoin furnish dry cellars unless unusual prci 
tiuns Krc takeo. 

Such precautions gbould, howeTer, be tnken wlierervr there is oi 
HOD for tliuiu, since a house with a wet cellar i», to opeak briefly, 
fit for habitAlion. 'I'be tnitia principle to be borne ir 
■niDd in ordinary soil; is that the grouad-w 
aearly at a level (Fig. 63}, varying, like the tides, with the eeasou; 
ami that the tmaUer elevalioas in gravelly rail form islands in tha 
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subterranean lake, upon which a house mny be built with perfect 
safety, while another, a few roils distent, would hare its basement 
perpetually steepnd in moialiire. The exiatence of ground-water a 
foot or two below Ibe colliir bottiim ia of comparatively little conse- 
quence, provided that this is well concreted, and that tlie water never 
rises any higher. 

More important elevations generitUy contain a subjlructure of 
rock, above which the r^a collects, and Sows down- oatlars on 
ward, coming to the surface at intervals in the form of Hills. 

. As the soil is always thinner near the lop of the liill, Buch 
immon there, and are the more annoying because 
theb existence often cannot be detected until the progress of the 
excavation brings them to light. These streams can, however, in ot- 
dtnary soils be intercepted without much difliculty, and their current 
tnrned harmlessly toward one side ; but it ia otherwise _ ^ - ,. 
with cellars cut in rock. These are almost invariably 
infested with small veins of water, which run along the leams of the 
ledge and collect in tbo basin formed by the excavation, foakieg 
through the house walls, and saturating the concrete floors [ and the ex- 
tra cost of intercepliog such veins and of cutting a channel to coavev 
tlic water to a proper outfall is usually very serious, so that locations 
of this kind should be avoided ; or if that is impossible, the level of 
the cellar bottom should be set so high that little or no excavation 
in the rock will be needed, and the downward course of the water will 
not be interrupted. This may always be done, without detriment Ui 
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Ibe appeanuce of the buililiog, by means of suitable grading or ter- 
racing. 

Clayey totla are also unfavorable. Being impervioaB, they retain 
the water wbiult may settle into tlie new excavation just outuJe tlie 
cellar walls until it finds an escape for itself, very 
probab'y into tba building. Moreover, llicy expand 
greatly in vei seasons, or in frosty weather, to contract again in 
summer; while the tenacity with which froxcn cl»y clings to stone 
or brick work often causes the dislocation or derangement of cellar 
walb and piers. 

Most house-lots In tlie couatry or suburban towns offer at least 
■ome choice of locatioa, and as a few inches difference in the level 
of the cellar bottom, or a tew feet difference in the distance of the 
building from a ledge, may be quite sufficient, without special precau- 
tions, lo determine the wetness or dryness of the cellar, and therefore 
the henlthfulnees or uaUealth fulness of the bouse, a judicious study 
of the site is of great importance. 

Where the limits or the character of the plot admit of no choice, i; 
will in very many cases be necessary to Incur extra and unforeseen 
expense in draining the excavation thoroughly. Some of the ex- 
pedients to be adopleil have tieen described in the first part, and 
others will be mentioned below, so that with the help of these hints 
ilie architect ur private ovrner will be able to deal vritli any difficul- 
ties which he is likely to meet. 

The house whose construction we have to follow is situated oA the 
side oF a rather steep hill, sloping toward the north. The lot on 
Ovucription "hich the bouse stands comprises about six acres, and 
enuo leading to the building passes for some 
Ltting, seven or eight feet deep. Rocks appear 
various portions of the lot. and several springs 
is of the cutting made for the driveway, indicate 
not far beneath. The house is to be of rood- 
l parlor, dining-room, hall, kitchen, 
n the ground floor, and four cliam- 



of HOI 

diataoce througli n 

above the surface i 

ooEO through the s 

ing that the ledge 

est dlmeosions, comprising 

staircase-hall and back 



bers, dressing-room and bath-rooi 

ished attics above. The cellar 

vegetable-cellar, and open place for storage, and a scrvau 

oloseL The hail is finished in oak, with oak floor ; the 



the second story, with four fin- 
laundrv, turnaca-room. 
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■tidrcue !i of cherry, with mahogno/ posts and rail; the pai-lor is 
Gnisbed in maple, with pine floor, bordered trith maple and cherry 
parquutry work ; and the dinin^-rooro is ia asb. The kitchen and 
laundry are (iDished in hard pine, with floors of the same. 

All the rooma ia the second ator/ are in whitcwoad, except the 
bath-room, which, in order to give a pleouuit livelineM of effect, ia 
finished with alternate black walnut and maple. 

The attics are in pine throughout. The halt and one large altio 
room are to be GnisLed so as to show the natural color of the wood; 
the other rooms will be painted. 

The plans and specilicationa having been carefully drawn, the 
owner, if unacquainted with building matters, should take pains to 
nnderatand them fully. While still Id tlie architect's Yti* Owner 
hands, he should with his help consider tlie various and tha Plana, 
pointa in regard to which he lias any particular tlieory or pretcr- 
«nc», and by measuring for himself in tbe bouses of bis friends the 
dimensions of doors, windows, slair?, cloaeta, sinks, baths and other 
details, and comparing tbetn wllb those shown on his plans, ho can 
form a clear notion of what is intended by them, and satisfy him- 
self that they indicate just what he wishes his bouse lo be. The speci- 
fications, also, he should study carefully at home with liis family, 
and may take advantage of the suggestions which they furnish to 
modify certain points, if he wishes, in a, way to please tbe fancy of 
the persons who will occupy the various rooms. Such study as this 
b of much value to the owner, who is thereby often saved from ex- 
pense in altering work already done in the ordinary way in order to 
gain some object desirable to liimself, but about which ho bad for- 
gotten to inform tbe architect ; while the architect is always glad to 
furoiah all the assistance in his power, knowing tbat a little time 
■pent in promoting tbe thorough comprehension by all parties of the 
structure indicated in the drawings will enable bim to do his work 
with much more satiiifactiou to himself as well as to his employer. 

In regard to the contracts, the ijuestion always arises, whether 
the whole work shall be entrusted to one man, or two or more sep- 
arate contracts made ; and it is not always easy lo 
answer it. The practice of various localities has much 
to do with the matter. In some places it is rare for mechanics to 
Bake lub^ontracta, and therefore each trade must be dealt with 
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separaloly, while in others the beat contractors prcfur to bare iba 
sole control of their builJinga, nnd endeavor to keep the work eo' 
tiroly in their hniids. 

Where n buUUitig rauit bo speedily completed, it ia generally 
aaaicr to allnin that object by jmttin; the nholo contvKct into the 
bands of one man. Two contractors, roEponsiblo only to the owner, 
nnd jealous or ini]i£feront in rognrd to each other's interests, always 
charge each olber nitb ibo responsibility for the dolaya wbicli nsu- 
klly occur uniler such ciKumstaocea, anil the owner Sods it dilBoult, 
if not ioipossible, cither to enforce his contract aa to tiue of coDtole- 
tion, or to collect indemnity fur tiio delay without doing injustice. 
IVhcre, liowever, tlie time is not roitricled lo the ihorlost possible 
space, most ai-cliilccti will agree that the best results are obtained 
by making at leant four wparatu agreements ; the cullnr-work ami 
grading forming the subject of one; tlie carpenter-work, including 
painting and glazing, of a Eeconil; ihe brickMrork and jilasteriog of a 
iliird ; and the plumbing of liie fourth. It is often dctirablu to make 
a liCtb ^rccmont for tlie painting and glazing, but if the cai peoter 
is tniBtworthy, there is generally some ndvanlngu in allowing these 
to bo inchidci] in his contract. 

By the system of separate contrncts better work is usuiilly to be 
obtained in each brancli, and, considering its quality, at a cheaper 
rale; although speculative builders Lave ways of making subvon- 
tracls at prices which seem incredibly low to ibuse who are not 
familiar with tlie difference between the good and the " jerry " style 
of work. Ttio best meclianica always prefer to treat directly with 
the owner; they are in tliis way sure of tiieir pay, and can there- 
fore afford to work at a lower rate; wliilo the owner saves the pcp- 
ecBtage of profit wlucb the principjil contractor feels himself entitled 
to cliarge upon tbo lenders made to him by his sub-contrautorh 
Whatever mode is adopted, too much eare cannot be taken lo have 
a and spucilicatiens as full and ccplieit as possible. If 
I what they should be, a building so simplo as a dwelling- 
a be, and gcnernlly is, where the owner knows his own 
regard to lUe kind oC bouse he wishes, and takes tbe 
see thai tiia plans express it, carried out lo compWlJon 
iny "extras" whatever; generally lo the great surprise ol 
the proprietor, wbo is sure to be informed by volunteer counsel- 
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lora before lie begins opi'mliUDa tlint Lis exlrn bill will ii 
be"itlleutni Urge as tlic cuntriict prk'e:" I hut 1 jo "ouglittaro- 
(trict Ibe nruliilt-i;! to ImU tlic sum chut Im inteniJs to Rpeiid," nncl ao 
0B> As an ex&niple of wlinl is (lusirnLlu Id sncb >iocitmcnts, furnia 
of »peci fit aliens aod winlrnctH are subjoinfcl, siicli aslmvohecoused, 
with tLc nt'cuasiu'/ varialiooB, for a considerable number of Luuftes, 
all of wLidi liave been finlBlwU complete at llio conli-aot price, witli- 
DUt u dollar of extrti cbar);e, except in c&ao of unex[>ectud ililficul- 
tic* of gr'iund, or unless tUe oirner Ijaa desired to ru^ka alleraCions 
w the work went on, or to oild lo tlie CQDtr&ct tbe execution of some 
part* of the fui'Ditiire, as mnotels, fixed book-sliclrcs, scats, and tha 
Uku. 

Armed witU such instruments a» (lietie, ne enter ii[)<ia tbe execa- 
tioa at llm nurk. Wu liuvo tnniie sepnruto cuntracta for the cellar- 
wurk, tliii uarpvntry, llie brickwork and plasioriog, aad tli« plumb- 
iDg. and have also selected a good furnace, and nrningud with the 
maker* to put in llie requisite pipes and registers in tbe best manner 
wben the proper liitia comes, under a gunranty that the njiparatus 
shall beat a given number of rooms to a temperature of 70° when the 
thermometer outside stands at Q", without taking air fi'otu the cellar 
or any otiicr part of the house, and witliuut regard to the directioo 
of the wind. 

Occasionally, the hojiting apparatus is Jneludt'd in the principal 
contract, but cbis is moat uuwiiie. As with jihiDibiug, tbe iruik to 
ba done is so tlilhcult for any one but an expert to understand Ot 
criticise, and the difference between good and iuft-rior work is so 
great, in value, even more thrm in cost, tbat it slioald never he made 
the interest of any man to get it done as ehenply as possible. Ex- 
planations of these points will lie given further on. Meanwhile, we 
hasl«n to get the cellar under way. 

Although no rock appears in tbe immediate vicinity of the silo 
■elected for the house, it is not Improbable that it will ho found 
NHBewherc in the excavation, and tliu contrnitt nitli the cellar mn»on 
provides a cert^iln price whicli shall be paid for whnlcver blasting 
mty be necessary, stipulating at the same time that tlie rock taken 
out shntl be need in the cellar walls, and an allowance m»du for it. 
It there is other stone to be had near at hand, the cost of lidtiug out 
rook from the cellar is furly ofisct by its value fur walling maleriaL 
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rbo occurrence of Icilge in tlie encovftlion will usually bo accom- 
panied by amivU springs, but it would be inexpedient to burden Iho 
contract witli an allownacc {or drniuing tbcm away properly, bo, if 
they occur, tlie opcrutlona whlcli tlioy may render necessary will lie 
bcBt trented as extra work. 

The coQtrnctor nnd tbe bu perl n ten dent itnko out the ground to- 
g;elher, the latter checking the reclnagularity of tlio lines by nicasui^ 
ing ihediugonaU; and bnltcr-boards are set up; and a 
bench-mark, showing the level of the top of ilie ceUajr 
wall, is made on one of tlie battcr-buards. The hoase should always 
be set high enough to give good cellar windows, with a sufficient fail 
b> tiie surface of tlie ground away from the building on all sides. 
Three feet dietnnue from the highest point of the natural surface in 
the porinielor of Uie buildiug to the top of the cellar wall ia none too 
much. This will give two and alialf feet of underpinning all around, 
and insure a light, well- ventilated cellar. 

The CKcavation is required to he eight inches wider on all sides 
than the outer line of the walls, in order that tht; latter may be car- 
ried up smcKiili and strung, outside as well as inside. The whole is 
laid in mortar containing equal parts of lime and 

Buridfi^ cement, and both the ouier and inner faces are to be 
pointeil neatly. The trenches are to be dug two feel 
below the projiosed cellar bottom, and eighteen inches of dry stone 
chips are Hrst put in, before starting the cenicuC wall. All this ia 
expensive, and the cellar will cost in this way at least twice as much 
as if conatructud in the usual country fashioo ; but it will be more 
than li;n times as good, and nothing short 6f this fulfils the conditions 
which modern ideas regard as essential to a wboleeomc dwelling. 

The clear height of the collar should be eight feet iu the smallest 
house intended for winter occupancy, and more than this in larger 
mansions, in order to give sulEcleut height above the furn.ice to al- 
low of a proper ascent in the tin hot-air pipes, without whicli the 
heat cannot he successfully distributed to the various rooms. This, 
with the two feet additional below the cellar bottom, will make t«n 
feet of stone-work, one and one-half feet of which will be laid dry, ' 
and the remainder in cement. Whether the material of the cellar 
wall shall be brick or stone may depend upon the local custom- 
Hard stone makes the best wall- It is non-absorbent, and as tlie 
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froEea earth adheres but slightly to its surface, a wall built of it ia 
not Bubject, as briukwork is, to gradual loosening aod decay at the 
surface of the ground. Where briuk must bo used, thej sliould be 
of the hardest quality-. 

The first operation is the strippiag of the Burfuce loam from tbe 
whole area covered by the building, and about eight feet odditiona] 
oa all sides, and the stucking of tbis in some convenient place for 
use in the subsequent grm.ling. The excnvntion of the cellar then 
proceeds in conformity with the lines given by the biittcr-bonrds. 
As the top of the wall is fixed by the bench-mark at S feet above 
the highest point of the ground, and the clear height of the cellar it 
B feet, the main part of the excavation, exclusive of tlie trenches for 
(he walls, will be nowhere more than 5^ feet below the ground ; the 
extra 3 inches being olloweil for the thickness of the concrute. 

We have chosen our site well, iind are fortunate enough to find 
no rock in the excavation, and no wet places in the cellar itself, but 
in the U-cnches, two feet or so below, the water stanils in several 
placer. This is an indication of a moisture in the subsoil, wiiich will 
increase after spring rains so as Ui till tbe trenches, oraininB 
and these will overflow into tlio ceUar unless some ths Soil. 
otlier outlet is provided for the water. The slope of tho ground, and 
still more ibu comparative shallowness of the cellar, niaice this a sim- 
ple matter : all that 

coniinue the trench 
beyond the line of 
the hou!<e, givinn it 
ra slight tall toBoaie 
point where the de- 
scending ground will 
allow it to reach the 
surface. The trench 
may be filled nearly to the top with loose stones or broken brick, 
and then covered with straw and loam, or a pipixlrain may be laid 
through it (Fig. 83). All tlie water tliat collects under the walls 
will then bo immediately drained aiiaj, and no matter what may be 
tlie level of the ground-water outside tlie house, tlie trench with iti 
cwtlot forms a barrier which will prevent tlie moisture from ever 
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making ha appearance above tbe cellar floor (Fig. 84). It is true 
tliut in Bome tlaj-ey grauud.*, especially if traversed by veins of sand, 
water mny rito through the cellar bottom in some places, but sucli 
BolU are rare, aail uiui^tiire to iolrodjeed eaa easily bo carried off 
by small "Frencb ilrains" of broken itune, or linos of agricultural 
lilvo, leading from the wet spot to the main drain under the nail), 
or, still better, extending from wall to wall aurose tbu place lo be 
dralncU. 

Where the ground is very soft or sandy, the onttet drnin should 
be laid at a gcntio pitch, in orJei' that the current toward it muy not 
be swift enough to scour out the soil bcneaib the foundations anil 
cause settlement. Some architects, for fear of this, prefer to moke 
eortile drains entirely outside 
-.,, tliewalli (Fig.B5,orFig.8e),bnl 
this is somewhat mnro cijiciisive, 
as the excavation niust be made 
~ proportionally' larger, wliile the 
former niotliod is more effectual 




in keeping the cellar walls and 
floor dry, and if carefully carried 
out Bbould be no more liable to 
cause settlements than the other, 
'Q used under die walls, they should be compacted 
with a rammer, and tlius form an incuinpreseiblc mass. 

The building of the ma«onry upon this foundation is a eimple mat- 
ter, but must be sliarply watched, for in no detail of constructloD ii 
a practice bo vicions as in the lading of cellar walls. In 





stone rliatricls, the majority ol houses stand upon basements bnllt 
vitL blocks of the most irregular ihapes, laid " dry," that is, with- 
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out morlar, nad dcpcaJing partly fur support upoo the cartli oul- 
>iUe 111 lliGm. Tliu Bmooibest f^e of Uiq atones is iDsidc, i>Uile 
tlie outtitlu pri:si:nl9 a raggeil, bristling mass of projections; And ta 
improve (lie visible face, tlie crevices betvccn tbo b tones are 
"chiokod " wiib smull cltipi, and the joints ore " poioEcil " by rub- 
oiog mortar over them with tbe point oE a trowel. A coat of wliite- 
vuh compIcivB a nork nhicb, wliilu it ia nuw, pruseau on the inside 
precisely ihu taiua asiicct as the bust sort of wall. But n brief period 
only is nccdvil lo muktt its ilufuetB manifest. Streams of naicr, after 
heavy ruins, pour tlirougb the loosa structure, followed by rats, 
wLieli burrow down next the outside of tbe ualls until lliey find a 
wide joint from wlijclt they cao easily push out tha pointing mortar 
and obtain access to the interior ; and little by little ibo earth washes 
iaio the crevices between llie bank and the atone-work, until Uio Inlter 
fields to the pressure, presenting the cbarauterisiUc inward convexity 
of country eel lar-w alls. 

Every feature of tliese constructions must be avoided. lu place 
of It dry vrall, furnished only with a niisc^rable pointing of morlar 
on llio inside, the whole thickness must be solidly filled with cem- 
ent; in place of a rough outside surfuce, the exterior must be the 
smoothest face, that water may not collect uiKin projections and be 
coiidueted into the wall ; instead of leaning against the biiiik, the 
masonry must stand at least eight inches away from it, and tlio inter- 
vcning space must be filled with porous gravel or sand, in order that 
(he subterranean water-courses m.iy be Intercepted and conducted 
away harmlessly into the drain beneaib ; while all the dc^tails of bond- 
Ipg and p'oper jointing of the masonry should be as carefully at- 
tended to as in the case of a wall above ground. Further details on 
tliete poiots have l>een given in Chapter I., and need not be repeated 

Without assiduous watching, most country masons lapse con- 
tinually Into the wretched workrnanship which ha* become habitual 
to them : long stones, which they will not take tbe trouble to break, 
■re set in tlie wall with a fair inner face, but with long "tails" pro- 
jecting from the exterior into the bank, whereas the reverse would 
be the preferable way ; and short stones are similarly set, leaving a 
cavity on the outaide to gather water and conduct it into the wall. 
As the earth is usually Qllcd in behind the slone-work as fust as it ii 
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laid, audi faults are not generally detected uniil heavy rainj reveal 
Uiem, too lat« to apply a remedy ; but lometlung may bo ascertained 
by nsicg the aleel rod spoken of in Cliapter I., wiiile the morlar and 
Uio mling outside are jel sott. 

It ia essential that iho material next the nail should he perma- 
nently porous. If sand or gravel cannot he had, nn- 
"'■*•' "K'*'''* sifwd coal-aahcs form a good suhstitute, and broken 
hricks, atone or slate chips may bo used. 
Tlio uncterpianin^, or portion of the irail above ground, is very 
commonly made different from the rest, in order to obtain a smoother 
Tjong slabs of split granite or freesCoDQ are 
often used, and for clicaper work an eight-inch brick 
wall is Mfflctimea built on top of the etooe-work, from the grade line 
npward. Of these, the granite underpinning is much tlie best: 
Mtndslone and brick absorb moisture from the ground, as well as 
from snow lying against them in irinler, and communicate it to the 
interior, besides being themselves subject to cxiniiation and decay 
tt the ground line. 

Independent of appearance, the best construction is to cnrry the 
cellar wall of the tuU thickness to the very top, trusting to careful 
"drawing" of ibe joints for giving the exposei' portions a satisfac- 
tory finish. Care should be taken that the wall is not thinned at the 
top fFig. 87), as is very commonly done in country work, to give 
opportunity for the vicious form of floor framing by 
which the joists are set flush with the upper surface 
of ibo lill, their lower portion hanging down inside. 
Whatever the thickness, — twelve inches for brick, 
sixteen, eighteen, or twenty for stone, according to the 
character of the material, — it should continue to the 
under side of the sill, leaving only the necessary places 
Cor inserting the girders, and levelling oS the top care- 
fully, frames of basement windows should, if posii- 
ble, bo built into the wall. The method of spiking 
them to the under side of the sill, leoving large, irreg- 
the alono-work for their reception, ia objectionable, as 
the subsequent filling up is apt to be less solid than the surrounding 

While the wall is in process of construction, the framing of the tim- 
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ber, thai is, Uie cutting into lengths, litting and morliBing, will Lavs 
lieen going on. Usimlly tUi^ is done upon tbe gronnd, from material 
Klected in some neighboring yard, a 
quired dimensions as ma/ be ; but it is 
for contractors lo procure an " ordered frame," by sending framing 
plans and elevations, with a proper specification, to some saw-mill in 
tba limber region, wbere the pieces are cut from [be logs of the 
exact sizes required. One or two establisbments do more than this, 
and slip tba frame ready mortised and fitted for putting together, 
including when desired tbe boarding, shinglea, clapboards, doors, 
windows, and other simple wood-work. There is an economy in the 
use of Euch frames, as waste is avoided, and more perfect timber is 
obtained, but the yard timber is usually better seasoned, and some 
contractors tlnnk that tbe time spent in overhauling after delivery 
the innumerable pieces of an ordered frame, except of tbe simplest 
kind, in order to select tbe sticks that are needed, quite offsets the 
waste and extra expense of framing from yard timber in tbe usual 

The inspection of the rough lumber is not dilbcult. White pine, 
tpruco, and hemlock are the woods most commonly used. In Ibe far 
West, Cottonwood is somelimes employed, and redwood is the ordi- 
nary framing timber of the Pa«iGc coast. Of these, 
redwood is much tbe best, being strong, straight- '"VImb°" ** 
grained, obtainable in any dimensions, and less sub- 
ject to ahrinkage or movement than any other. White pine is next 
In value, for similar reasons. Cottonwood is soft, and shrinks very 
much. Spruce resembles pine, but shrinks more, and is apt to warp 
and twist with great force during tbe dr}-ing process, and to " check," 
or crack open near the middle of [ho stick. The dimensions run 
rather small, compared with white pine or the enormous sizes of red- 
wood lumber, but pieces up to 12" x 12", and 25 or SO feet long are 
always to be had, and wooden dwelling-bouses rarely require any- 
tlung more. Hemlock is a harder wood than either spruce or pine, 
andean bo ha<l in large sizes, but its strength is injured by the want 
of adhesion between its annual rings, which disposes the timber to 
crack very badly in drying. The hemlock trees are very tall, and 
their swaying in the forest often " shakes " or separates the rings of 
the heart-wood, so that when sawn into scantlings or boards the io- 
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terior U little bctlsr than a mau of epliatore. Hnrd pine, or, at \l 
ii gomuliuiCB called, Georgia pioe, is mucli used in chy buildingi, 
wliere ita great stiffueu ia of advaotago in enabling floors of wide 
■pan to be covered witliouC employiDg timbers of inconveDJent sUe, 
but it i» rarely necesaary in country houBoa to incur ibe sdditioual 
ezpeose of using it for Ibii purpoac, although it is employed in other 
ways. It is a very good tioilier, though ebrinking considerably in 
drying. The pnucipal point in examining llio lumber will be to as- 
certain whellier the sizes are according to the apeotlicaiLiaiu, for 
which a few measurcnieata will sufflce. It should be borne in romd 
that only green lumber will show the full diniensioDSi and seasoning 
reduces them somewhat. A white-pine plank originally cut 1 2 inches 
wide will when dry measure about 11} inches; spruce, hemlock, 
and hard pine somewhat less ; Cottonwood will shrink a whole inch in 
the same widtli, while redwood scarcely sbowa any change ; so that 
■uitable allowaeccB should be made for every cjse. Crooked and 
"waney " piccei (aee figs. 46, 47, page 8S) should be condemned, aa 
well nil those affected with aerious shakes. Longitudinal cracks in 
the middle of a thick piece of spruce need not condemn it : they are 
almost Inevitable if the timber ia dry, and do not detract much from 
lt« strength ! but if they occur in a thin piece, as a floor joist, and 
extend entirely through it, they constitute serious defects. Sticks of 
which portions, especially at the enda, appear livid and friable should 
be totally condemned. They are infected with dry-rot, and will com- 
municate the infection to othera. Amputalion of the diseased part 
U not eulEcient, for the threads of the fungus may extend a long dis- 
tance into the aound part of the wood. 

The livat timber set in plaue is the sill, and this should have a 
thick bed of soft cement mortar prepared (or It by the mason, and 
be hammered dmily down into It. This closes up the crevice be- 
tween the lop of (ho Btooe-work and the timber, ihrougli 

In Momir. "''i'^''' '" badly built houses, much cold air fmds ill 
W.1V into the hollow floors. For additional protection^ 
after the adjustment which is generally necesi>Bry to get the sill 
into position ia over, it is bent to point up with similar mortar 
along ita outer edge (Pig. 88), The inside might be similarly 
treated, but this would interfere with the still more effectuul nro 
oess of lining with biueka and mortar, as described below. It ia now 
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tiniBl to mnke tli 



III of pine or spruce, like the other portions of 

the frame. Our forefiithert, who had no 

furnaces, set tbeir dvelliogf very low, 

and bBDkcd'tliem up with earth in wie- 

tcr 8o as to cover the lower portioni of 

the wood-work, in order to keep the coid 

nir from the cellar and the lloors; and 

they fouod chestout or cedar to he tlie 

ou\y material which would resist dry-rol 

under such circumstances. We, how- 

"■ ever, prefer high, liglil cellars, witli 

, kept dry by furaaees, and little dampiHtst reuchcs 

there ii>, as in all cases where wood comes in contact 

(lossibitity of iu being aSected by moisture in 

stone and mortar, so that it is be»t lo provide a 

the under tide. The other 




the rills, 

with masonry, a 

(he pores of the 

repellent coating by painting the sill 



tidei should be left untouched, so as not to impede ibe drying ai 
of the nir. Tlie ends of girders also, where they enter the wall, 
may be similarly painted. 

In most cases, the sill is the subject of more notching, mor^sing, 
Kod cutting than any other timber in the building, and must be of 
Miffieient dimensions to allow for this. Six by six inches isucommon 
riie, or lix by eight, where the basement openings are large, or there 
Is danger of decay aSceling the under side. The angles are halved 
together (Fig. BU), and pinned or strongly spiked. Many builders 
wcnre the sill lo the foundation-walls by means of vertical bolts, 
about two feet long, built for the greater part of their length into 
(he walla, at intervals of eight or ten feet. Corresponding holes arc 
bored in the sill, and this is slipped over 
the bolts, and se- 
cured by nuts and 
Will, 
light » 



Fi(. 00. 




'■ ' tJiis forms a valu- 

able safeguard against s' 

Into the sill '.he floor beams are framed in various ways. A very 
Mmmon and bad mode is to notch it some three inches deep, cutUng 
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a corresponding lenon on the upper comer of llie beam, so tliat tlio 
upper surface of this, when in place, is flusU with the top of the sill, 
the lower part projecting below. Thisne- 
cesaitalMtlielbinningoS of the upper part 
of the wall, which would otherwise come 
In the way of the beams, while ihe tenon, 
- from wiiich hangs the whole weight of the 
beam and its load, often splits off (Fig. 90)> 
The beams nhould, inaieod of tliis, be oat 
so as lo bring their lower edges flush with 
the bottom of the sill (Fig. 01), with a 
notch, perhaps two inches deep, to hold 
them in place. Then the tenon will be 
deep enough to hold safely, and the wall 
can be mode of the full thickness to the 
Tery top. 

Mortises must also be mtide for the corner posts, anil for those to 
be set nt the iDteraeetion of interior partitions witli the outside walls. 
Usually, each of the " fiUlng-in " studs (Fig. 82) has also its appro- 
priate mortise, even in 
"balloon " framing, but 

occasionally a cheap 

builder contents bim- 

— self with simply setting 
the end of the stud 
down on the sill, and se- 
curing it by nnils driv- 
en diagonally through 
the foot. Of course, 
the position of all the 
mortisea is taken from 
— ^ the framing plans and 
elevations; which can- 
_ not be too carefully 
~ made, or the execution 
of th.rn ioo ctel. 
watched, as a window, a chimney-opening, or a stairway, once framed 
in the wrong place, cannot be altered Bubsequently without injury to 
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tlie Boliditjr of the liuitding. Workmen are very careless about snch 
mattera ; wo have known a foreman to use a frnming [ilaa traced on 
transparent cloth wrong si Je up, and regardless of the curuful lettering 
and figures on Uie right side, to cut the mortises for the whole side of 
a house by scaling with a foot-nde (he dimensions as seen inTcrted 
through the wajted linen ; and it is rare, even with the most earefult^ 
drawn plans before lliem, for framers to complete the mortising of a 
sill without gross mistakes. The young architect or superintendent 
should therefore, as soon as the silla are set in place, verify every 
measurement. The Hgurcg on the plana for a wooden building should 
always give the distances of the centra ot openings from the corners 
of the building and from each other; then the raiddio point between 
the mortises made in the sill for the studs which form the jambs of 
Uie opening can be reailily found, and compared directly with the 
figure. If the plans are figured, as is sometunes done, in the way 
appropriate to stone or brick buildings, by giving tlie distances to 
the Jambi of the openings, the veriKcation is much more diflicult, 
since the rough studs are always set two inches or more wider on 
each lide than the finished opening is intended to be, to allow for the 
weights and lines in the case of windows, and in doors U) admit of a 
little play in setting the frames. 

After all the mortises for Uie studs have been examined, and such 
corrections as are found necessary made on the spot under the 
superintendent's eye, those intended for the floor timbers sliould 
undergo an equally rigid inspection. The openings for staircases 
and chimneys will almost always be found misplaced, or made either 
too large or too small. The latter ia much the worse fault: it la 
possible to fill up an excess of apace, but too small an opening, 
which can only be made available by cutting away and weakening 
the trimmer-beams, or by constricting the flues, is a serious misfor- 
ludD When these teats have been thoroughly applied, the beams 
may be »1 >n place. In most cases the floor reals partly on girders, 
which are lar^er aticka, generally from 6' x 10 to S" x 12" for the 
light strains of country houses, running through the cellar under the 
"fore^jid'aft" partitions, or those which carry the floors above, and 
■apported by brick piers in the cellar. 

Occasionally, brick walls, eight inches thick, and pierced with 
■rcbes for communication, take the place of the girders, but without 
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any material advantage, unless they are carried up to the under aide 
it ibe floor boarils, in wLith cose ihcy serve to keep the floor wnrtn 
and diminish tlie danger from fire, by intercepting the Bpacea bn- 
tween the beams. 

If girders are used, npecinl attention should be ^ven to contriving 
the framing of the beams into girders and «ills so tliat the slirinkage 
iballbolhe Biuneateachend. Tliispoint is almost always neglected, 
to the detrloient of the work, which begins, a year or ti*o after the 
completion of the building, to undergo settlements and deformations, 
which instead of being inevitable, as ii usuall; supposed, might 
easily have been avoided by a little care at the c 
for example (Fig. B3), 
a ten-inch beam is 
framed at one end by 
a three-inch t«non into 
a six-inch sill, all Hush 
on top, and nt the other 
end is "sized" down 
one inch, without mor- 
tising, upon a G X 10 
girder, (he total height 
of ibrinkable timber be- 
tween the floor boards 
and the unyielding ma- 
sonry will bo, at the sill Fig, bj, 
end, 6 inches, and ut the 

other end 10 + 9^^ 19 inches. Now a six-inch timber will shrink per- 
haps i of an inch in drying, while at the same rate, 19 inches will 
ahriok some ] of an inch, and after a year's seasoning (he inner ends 
of the beams will thus be half an inch lower than the outer, and 
the floor to the same extent out of level, cracking tlie plastering oE 
the walls above, distorting the door-frames, so that the doors DO 
longer fit their places, nnd causing ugly dislocations in baso-board* 
«nd wainscolings. 

To avoid these evils, an equal height of timber should be loft 
al each end between the flooring hoards and the masonry. If 
the proper mode of framing into the sill is adopted (see Fig. 81), 
a ten-inch beam will have a six-inch tenon resting upon the bot- 
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torn of tLo nolch, with four inches o( the wood of the eill betvcen 
it luid the cellar wall ; in all, leu ioehea of wood. We need, there- 
fore, ten inches of wood, and no more, betweea the Lrlclc piers 
and the floor boards at the other eod. But if the girder is Cen 
iocliee high, ttii!< will furnish the whole, willi none to spare tor 
projcetion of tlie beam abore it, so the latter must bo framed 
into tbe girder flush with its [op. This is for various reasons the 
best way of framing into girders. Not on\y is it advantageoiu 
to get rid oE (heir projection below the cellar ceiling, but the circu- 
Utton between the beams is eSectually cut off. If the girder is of 
unplfi ■troDgth, it may be notched, say Gve inches deep, to receive a 
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fiT»'Inch tenon on the beam (Fig. EM), but the best mode, pnuervlng 
most effectnall; the strength both of girder ntid beam, is the Joint 
with "tenon and tusk" (Fig. 95) b)- which the cutting is brought 
nearer tlie neutral axis of the girder, while the tusk tenon allows 
the joint to be bored nnd pinned from abore. 

As it would be difficult to lay heavy timbers on a row of taolated 
piers without overturning them, the girders are generally held in 
place by shores set beneath tliem until the floor beams are all ou, or 
tomelimes even longer ; and the piers are then built up beneath them. 
These should never be less than 1 2" « 1 2", of hard brick, laid in cem- 
ent mortar. Piers 8" s fl", as often seen, soon bend, while those of 
•oft' or " pier " brick are liable to be worn and kicked away at the 
foot. The proper spacing for piers depends on the size of like 
girders, and tlie loail upon them, but should not be over 8 feet, for 
fear of deflection, even with strong timbers. 

Id the Eastern states, the next step always is to lay an undei^oor 
of planed hemlock or spruce hoards, over which the men move freely, 

while it forms a roof to the cellar, which can iramedi- „ _, _, 

, . , , , . , Uod«r-Floor. 

ately be nied for storage of tools and materials. 
Whether this is done or not, after the floor is made practicable for the 
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(r&med into the poaLa wuulil, if these were act al the same lere], iolcr- 
HCt nnd cut each other ofi, it ia oeaeaaar/ to place one piur entirely 
below ihe olliers. The latter are called the " dropped girts," aod ara 




pir OS. 
generAll7 arranged *o that the floor-beams may be notched or " aized " 
one or two incbei down upon them. (Fig, 99.) 

The proper joint /or posts and girta ia ehown in Figure 100. 
After Kiting theae and pinning tbcni nccurely, 
a lecond act of braces should be put in to tie 
the angle botwcen them and the posts, aa shona 

in Figure 97, using the same form of mortises 

and t«nona as before. A third set is tlien 

placed in the angles between the posts and 

the upper lide of the girts. AH those pieces . 

are Kccurat«1/ cut and Gtted before any of tiie ' 

work is set up, so that when inserted in their 

mortises, and tlie pins driven home, the posts 

are drawn into their proper position, exactly at '^■' '"* 

right angles with the girta, notwith standing the bending or twlsdng 

which the heat of liie aun often cHusea in ihcm when first set up; 
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and are thus prepared lo receive tlie plate, irlikh will not fit uoleu 
the posts are scturutely parallel. Tlie angiiis of the plates are 
halved togetlier and mortised eottrcly through, to as to receive 
ft long tetioQ lah on top of llio posts ; 6.a<l to facilitate 
this, as well as lo give a certain lateral elifloess to re- ''■*•• 
list the thrust oE Uie raftiirs, it is common lo make tlio plate 4" x 6" 
or *"x8", and lay it Hatnays. IE tlio root is lo havegabloi^asome- 
what simple construction is used, the plala wliicli receives tlie rafter 
first bciag fr.-imed on top of the poets, while the gable is supported 
by a sort of dropped girt. 
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w proper. 
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nally be 


brae 


d, making a strung 


and 


rigid eke Ic ton, as 


show 


ninFigu 


■0 97, upon 



whieh the rafters can bo 
t at luisure, and the 
framework of llie side 
completed nilh ■'(illing- 
, set at a suitable 
distance for najlitg the 
ide, and the clap- 
ZIb» boards or other covering 
*"'«• ""• outside. (Fig. 101.) 

The principle of the balloon frame is totitlly diSerent, and although 
it may be, as is claimed for it, more philosophical, it 
is fat inferior to the braced frame in many important r^mmZ 
respects. 

If balloon framing were specified for our building, the next step 
after sotting the corner posts would be to secure them temporarily in 
place by means of " stay-laths," or pieces of board nailed diagonally 
to post and sill. The ■' fdltng-in "studs would then bo set all around 
the boildibg, eac-h stud in tliis system extending the whole height 
from fill to plate. The best citrpenters mortise the feet of the 
Mnds into the sill, hut this is frequently omilted, naila being simply 
driTOn diagonally through. No attempt is made to cut the pieces to 
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the right length, Km) tlieir upper eDtls present for a time an appcnr- 
anco like I'ig. 102. To straightua thciii boards atM ti^iDpornril} 
nailed on oiilald^ and more " stay-lntlis " brace the studs imvnrd to 
the floor. As aoon as Lhc building is so far aJvaneed na to iidinit of 
climbing eafuiy to tlie top of tlie studs, a line is marked with a 
chalked string at the proper hui;;lit [or tlie underside of ibu plntv 
and the studs are cut 
oR at that level. If 
an)' prove loo ehort, 
an additional pieoe 
is set on lop, and 
"fislioil" bj' nailing 
a bit of board on eath 
Bide. (Fig. 103.) 
When all are brought 
to the line, a B" x i" 
or 2" X e" timber of ^''t-'°3. 
random length is laid on top, 
and spikes driven through It 
into the top of each Btud. 
Other similar sticks are laid 
'''■- «"■ in the same manner untU the 

circuit of the building is completed, when a second row is laid on 
top of the first, breaking joint with them, and overlapping at the 
angles. (Fig. 104.) 

This operation brings iLo studs to a vertical and parallel position, 
but provision is needed for supporting the floor-beama. As be- 
fore, DO notching or mortising is done 
before setting up the frame, but when 
all the ituds are in place, the chalked 
stilng is again brought into requisition to 
mark upon them two lines, 4 inches apart. 



a height that the upper one « 
posed level of the underside of lhc Iloc 



beams, 



Dotelted one inch deep between the lines 

" false girt," consisting of a strip of board ; 

wide, is inserted and nailed in place. (Fi] 

This gives a support whicli is strong ent 



nch above the pro- 
Each stud is then 

anil a " ledger-board " or 

n inch thick, and 4 Inches 

. IOC). 

igh for the work re([uired 
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of It, but exeesaivel/ slender in appenrnnce, anJ liabk', if fire slioulii 
get into tb« «paues betneen tbc stiid^, to be quickly burned off, per- 
il aps letting tilt) llooTs fall. 

Tbe bracing of ilie nngtes, whicli furma an 
important part of tlie old-ffteLioneU (ruming, 
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it entirely omitted by most carpenters in letting balloon frames, so 
that notlung but tlie resistance of a few naiU prereDts tbe building, 
as the outside buording sbrinks, from leaning gradually In one direc- 
tion or another, according to t!ie prevailing winds. (Fig. 108). 
'rills may, liowever, be pr&- 



^ 



I Long Ornelng. 



.4 by^ 

what is call- 
ed long bracing (Fig, 107), 
consisting of stout strips 
set flatways their wbole 
depth into notches cut in 
ihe studs to receive them. 
The notches are niado cither 
on tlie outside or insido of 
Ihe Btudcibut belter bracing 
can be had by placing them 
outside. A spike is driven 
through the braces into each 
„ ..^ stud, and the angles are thus 

very strongly tied, but at tbe 
upeDse of itrongtb in the vertical studding. 
By these very different modes the balloon and the braced frun 
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ing aeconipIUh the same result, tlie cooatructioii of a timber akcletOD 
bounded by sill, plate nad corner post?, and inclutleil, with all brac- 
ings, IcDona anii fasieniogs, butwccn two planes, 4 or S inche« apart, 
as the case may be, so that laths can be nailed uniformly all oicr the 
inner tiurfiu^, and boards over tlie outside. All the tubecc^ueot 
steps, iiotil ibo completion of the building, are the enme for either 
mode of construction. The design of the edifice is, however, wmc- 
■ bat dependent upon the mode employed, la both cases, heavy 
Btuds are used to form the sides of window and door openings, in 
order to give rigid support to tho c-tsings, and as in bnllooa framing 
nil the studs, large and small, extend lbs whole height of tlie build- 
ing, it is <iuite desirable to place the windows in the diilerent stories 
vertioally over each other, so that one jiair of " window studs " may 
Krve for two openings ; and any variation from this direct super- 
position involves expense or weakening of tho portion of ibe 
structure involved, Willi a braced frame, the main posts only ex- 
tend to die plate, all the Glling-in studs, large and small, terminating 
at the girts ; so that tlie studding of one story is completely indepen- 
dent of that above or below ; an important consideration where any 
picturesque irregularity of fenestration is to be attempted. 

As soon aa ilic studding of the walls is in place, the outside board- 
ing is begiio. IleTnlocIc or inferior spruce is used for this purpose, 
and no great care is taken to lay the jaint.i close, but 

Boamins. jijg i^^^j^ ^j^jj ^^ mill-planed on one side to reduce 
ihem to an even thickness, or the Fubsequent shingling or clapboards 
will not lie evenly. While Uiis is going on, the beams of the second 
floor are to be set. As it rarely happens that the beams extend in 
one span from the girts in one wall to those opposite, no intermedi- 
ate support must bo provided for tbem, consisting generally of tbe 
head of som« interior partition, on which their innerends arc notched 
or " si/ed " down, just as their outer ends are upon [lie dropped 
girts. As the 3" x 3" or 3" x 4" piece which forms tho parti tion-hesd 
b capable of withstanding a considerable cross-strain, it is UDoecei- 
sary to set all the studs under it at first, and isolated ones are usually 
put in, some 3 or 4 feet apart, in order to allow free passing between 
Lhem. The fecond-floor bcam^ can then be immediately laid in 
place, and another partition in the story above, set in the same tvbjt, 
tervcs for supporting the third floor. 
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The natcliing or " sizing " of all beams upon tbeijr borizonlui tup- 
ports is made necessary by iLeir ioequftlity in size. Ordinary tim- 
ber* oFlen vary croe-Courtb la ...-...-...-..._... ... ..|. . ....^.. 

one-balf an inch from their | | | | | | | | 

specified diniensionB, but by j J 

notching tbem to a uniform F't. ">e, 

UistdDce from the lop tbey will, when laiil in place, Imve iheir upper 
sides level ready to receive tlie Hoor. (Fig. 108.) The undcraidea 
•rill be uneven, but tlie tiiib»equent cross-furring will conceal this. 

It ia very common, but not ju(',iciaus, loset ibe studs of nlUnterior 
partitions cillier on the under-lloor or on a horixootal piece rcslin<; 
upon tbe beams. If the inner ends of a tier of dooi^ 
supported, M is uauivUy tbe case, by a parti- 
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lioQ cxteudiug from the basement, these ends will be vquBi tsttl*- 
lubject to a settlement equivalent to tbe eum of the r"'"*- 

ibrinkage of all the horizontal pieces interposed between the under- 
side of the beams in question and the immovable supports at the 
bottom of the partition j in tbia instance, tbe brick piers in tba 
basement. If tbe partition studs stand on the bcamx, with a 2" x i" 
"sole" interposed, a partition extending from the cellar piers 
to tbe floor of tbe third story vrill be interrupted by tbe base- 
ment girder, Urst-story beams, sole of partition, cap of Lbe same, sec- 
ond-story beams, and another sole and cap, in all, from SO to 40 
inches of borizoDtal timber, tlie sbriakageof which in audi a position 
would be from one to two inches. The outer ends of tlie same third- 
atory beams will rest upon tbe framing of tbe outside wall, which 
would with a balloon frame, in which the studs are conlinuoiis, pre- 
sent only a six-incb sill and one four-inch ledger-board of sbrinkable 
timber between them and the immovable basement wall. Tiie 
shrinkage of this 10 inches of horizontal wood would amount ta test 
tlian half an inch, so that when tbe wood-work became fully di-ied| 
which in our furnace-heated bouses is in a year or two, tbe inner 
ends of the third-story beams would be an inch to an inch and a half 
below their outer ends. Such a difference in level is quite sulBcieol 
to cause cracking of the plastered walls in the second and third 
stories, and to distort the openings in the cross parlilions (Fig. 100), 
■o as to make the doors fit badly, and " bind," or require to bo trim- 
med, or tbe hinges " set up " to adapt tbem to the altered shape. 
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TlieM phenomeoa, whU-li everj' one lias observed in city as w«Il m 
sotinlr/ liou»es, depend eolely upou tlie unequal shrinkage nn<l coaw- 
quent aetllemcnt of the two vertical structures by wliieh tbcopposite 
ends of llie beams are supporled, and can be Avoided by any device 
irLiclj sliall mnke the settlement the same at both ends. In wooden 
bouses this njay be ap- 
proximately BCCOID' 
plisbcd by fletting the 
studs, — not on tbe floor 
or on the beams, but 
heiieten tbe laiier and 
on thesame support, so 
that the beams cease to 
form a part of tliu vet^ 
Ijcnl frame. The stud* 
of tbe Bi'sl-story parti- 
tions will tlien stand on 
the ffirtleri, extending 
(hence to tUcundernde 
of tbe seeond-story 
beams which rest upon tlieir cap. Tbe studs of tlic sMooU-siory par- 
titions acain, instead of standing on tbe floor, or on a soli^piece. will 
extend down between tbe beams to the cap of the first-slory par 
tition fFig. 110). By Ibis arrangement there will be, supposing tlie 
height of the girder to be 10 inches, and thnt of the partition cops 3 
inches, IG indies only of riirinVabte wood in the partitions between 

the basement piers and tho undeni Jc o! tbe tbird^tory 

l«tllament . . , "^ ,,,,,., 

In Balloon beams, and tbe difference of level after drying between 
riamta. tbeir inner and their outer ends, supposing these to be 
supported by balloon frame, would be about | of an inch instead of 
three or four times that amount, as In tJie case previously described. 
It is desirable to avoid even this inequality if possible, and as it i* 
evidently impracticable to diminish the amount of horizontal timber, 
and con3cr[ucnt settlement, in the Interior partitions, it will be advan- 
tageous to ineretue that in the outer walls. As tbe height of tbe 
fill Is fixed, tho aggregate shrinkage can only be increased by add- 
ing to the wiulh of the horizontal timbers on which tbe upper beanu 
rest. With a bulioon frame nothing can be gained in this wav, since 
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t]ie Ie(lgei~boarfl must be nailed to tlie sluil?, anil ibe dee portioD 
between the niiils and tbe u[)per ed^o of the bo:ird is alone capable 
of alFecting the beams by its ■hrinkago ; niiU with Buch tramu an un- 
eqnal settlement is [iraclicall)' inDvitablo. The brated 
[ratne, bowevcr, suatkina the beams upon a nide g 
retting oa the corner posts by its lower B<lge, bo Fram** 
Cliat the whole effect of the shrinkage tends to make the upper edf! 
descend, and with it the beams wbicb may rest apon it. 

A braced frame, therefore, with a tix-iDch iill and a tno-inc 
droppcd-^irl, upon nhicb the beams of the third slory are "Kiced 
down in iho game manner as on the 
partition-beads Bupjioriing their other 
ends, will give sixteen inches in 




cat height of shrinkable timber, and supposing the girders and par- 
tition-heitds to be as before, the selllement at bolb ends of the beam* 
will be the same, and the floor will remain [«rfectly level, the dooi- 
frames square, and the planter probably unbroken, for an indefinite 
period. 

The partitions which ealend from the first floor ihrmigh two or 
more EtoriL's, even though no beams rest upon ihem, as in the case of 
thoae running parallel with the beams, should tw set in the same 
way, tlie studs in the upper story resting on llie cap of the partition 
below; not for tlie sake of lessening the shrinkage, which would in 
this case do no harm, but to relieve the floor-beams from the weight 
of the partition by making the support continuous from the base- 
ment girder upward ; and partitions enclosing stairs should be simi' 
Uriy constructed. 

Besides these, there will usually be some partitions, especially iti 
the second story, which hove no corresponding partition below. 
These must bo supported on the beams. The simplest way of set- 
ting them is to lay ihe sole directly upon the undcHloorin);, where its 
Lpodtion can be accurately marked ; and Ihe si le may with advantagt 
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be &| or G} inches wide, bo as to project berond the etuil on eacli «ide 
b}' an amount equal to the ihickncsa of the plasli^ring. In Ltie suhfe- 
queot (ioishiDg this projcctioa will be oF great service [or keeping tlie 
biue-boards firmlf id their proper position, and Cor nailing iLem at iLe 
lower edge if required (Fig. ill.) Where the partition runs parallel 
with tlio Ijicama, it is common to provide in the framing plans for a 
limber of extra eize, or two timbers spiked together, under it, to give 
ihecxtra support roquIreU. A belter way b to set two 
Partition*.*' ''*'"''* e<iuidiat»nt from the centre line of the parti- 
tion, seven or eight indies apart from centres, instead 
of close logether (Fig. 112.) The same strength will be obtained, 




and there wtU be opportunity for a solid nailing at tlie ends of tli« 
door-boards that abut against the partition, which cannot ba had 
by the other method (Fig. 113.) For the same reason, the framing- 
plans shoiiM alwajs show a beam placed ulose i^inat outer walls 
and partitions extending from below. A floor where the ends of the 
boards, tor want of these precautions, are secured only to the thin 
under-llooring soon nc<]uircs an uneven and slovenly look. 

The first studs of the partitions are usually set, and the floor* 
bridged, before the roof is begun. In the short spans usual in coun* 
try houses, this construction is a matter of tittle di(E- 
culty. Where support is needed, it is generally ob- 
tained by carrying up the partitions which extend from the firm 
foundation in the basement, and heavy trusses and purlins arc rarely 
necessary, the weight being equally distributed over all the rafter*, 
whiuh may be tied with "collars" of plank where re'juired. At the 
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lame time, the [arm of siti^h roofs is often very complex, and the 
(rani Qg-p lacs should be carefully ^nd clearly ilratrn. Everj ridga, 
valley and hip must be marked in plain letters, and the lengths of 
liip, valley, coiumon and jack r.tftert should be calculated and writ 
tea on the drawings. Without these precautions, the nrchilect ia 
rery Ukcly, during the framing, to find a hip substituted (or a valley. 
or vice iwrva, and not infre<juently, eicticr by ac<;idcnt or design, tha 
height of a picturesque roof will bo materially lessened without con- 
•ulting the designer, who does not discover until too lata the reason 
why ita appearance in execution is so disappointing. 

Tlte CDvering-in of tiie building gives the signal for n multitude of 
minor operations, Ltie principal among wliicli is the a 
the chimneys, which sliould be commenced n 
earliest practicahle moment, in order to avoid delay 
in finishing tlie roof. The bricks furnisbeil for this work should be 
rieidl/ ias[>ected. As the ehimneys in frame house* are usually 
plastered outside an fast as built, ia order to lessen 
the dangler of sparks jiassing through the joints of the 
masonry among tlis furrings, the opportunity for using soft, half- 
burnt bricks without detection is unusuiilly favornblo, and the young 
arcliitect should look sharply to eve that none of that kind are 
allowed to be delivered on the ground. For the purpose of aiding 
the meaner builders to impose bad materials upon ttieir employers, it 
is common at the brick-yards to denominate tlie half-burnt material 
from the outside of (he kilns "chimney brick," "pier brick," or 
" place brick." Tliu name, however, dues not change the quality, 
and any work contaitiing bricks whoso edges can be crumbled by the 
fingers should bo pulled down at once, and rebuilt witli better mate- 
rials. Unless this is done, no reliance can be placed upon the ma- 
■onry; the piers are liable to be broken away and bend, and cnimneys 
may crack open at any moment after being enclosed by furring. 

We suppose that the position and size of all the openings made id 
the floors for the passage of the clumnefp hare been carefully veri- 
fied long before. If not, this sliould be done without delay. Masons 
rarely think of questioning the accuracy ot the carpenter's work, 
and whenever tlicy find an opening framed, lliey suspend pluirb-Unes 
from its (our corners and commence laying bricks between them; 
Utd to the endless mistakes made bv the inferior workmen who or* 
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cmplojcd in framinj llic/ ftJJ otlier* o( llieir own. One fertile 
flourcu of errors is a. wnnl oE »ome conimoD unOcrstnnding in rugartl 
to tbu system at figuring pinna. Most urcliitecls, unless very expe- 
^nceil, figure all liiirixontal Uimensions in wooJen buildings (rom 
lh6 nenrest surface of the sttida; thus, a fire-place in the middle of 
one tide of a room IQ' long in tlie clear would generally be figured 
as S' 1" from the inside of llie atuiU to its centre. Nearly all 
frnmers, however, mcanire to the ouifide face of ouitlrle studding, 
although interior dimensions are taken to the neareit face; and the 
workman will probably set liis trimmci^bcams, or lay out his cliininey, 
by mcMuring the figured dialnncu on a len-foot pole thrunt between thf> 
studs against the outside boarding, the point thus falling four incheii 
ghort of the place intended ; and the mistake, if diiicovered, ii veiy 
likely to !« roclifieil by sliifling the chimney over bodily, and rest- 
ing it upon the trimmer-beam. It is safest in any cose to figure the 
openings in fioors two or three inches wider on tlie framing-plans 
than ihey are actually intended to be. Thia gives a little lee-way for 
contingencies, and it is always easy to fill out nn excess of room by 
nailing pieces to the timbers, while the cutting away of beams to gain 
necessary space should be avoided. 

All lluc-doorB, ash-doors, stove-rings and ventilating registeni 
should be marked on the plant, 
and inserted as the work goes on. 
II left for subsequent cutting 
they are sure to be forgotten. 
Rings for furnace smoke-pipes 
should never come within sixteen 
inches of the cellar ceiling. All 
Hues must be closed at the bot- 
tom, and kept separate to the ^'s- "*■ 
top. Bad workmen often leave lliem open at the bottom into the 
ash-pit, or, where two flues run aide by side, omit the partition, or 
" with," in the lower part. In cither ease the draught is spoiled. 

Tlie niths should be four inches lliick, and at least 
CMmneva. on'^'^ iu every eight courses in ordinary chimneys ihey 

should be bonded by two bricks roughly mitred with 
the stretchers of the nails. (Fig. IH.) Without lliis precaution, 
which it is not easy to enforce, the with forms a mere tongue of 
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laperposcd bricliH, standing upriglit in the rcctaQgular shaft of the 
chimney, and held in place only by the fi3eb1o adbesion of ilie mor- 
tar, 10 that it not unfrequcnlly loxcs ita balance and bende over, «top- 
fnDg up the Bdjoining flue. Ties of tin or hoop-iron laid in the 
joint! ore tometimea used to iiislain the irilha, but the other bond is 
better, particularly in tall chimneya, triiere a thorough interlocking of 
ihe wilha with the walls odds very greatly to Iho Btrength of the shaft. 
SUcha of irregular plan, (Fig. IIS), can lie better bonded than 
thoBa of the common form, and are much stranger. If carried up 
■mooth and nearly straight, without twisting or constriction in any 
part, an 8" z 8" flue is ample for any stove or ordinary hot-air fur- 
nace, and is 

for an open fireplace of 
moderalesize; but the dan- 
ger of some obstruction it 
to great that it is prudent 
to provide the latter wilh 
8" X 12" flues where prac- 
ticable, 

Fireplaces are usually 
roughly formed during the 
cDnstruclion of the chiin> 
ney, to be subxequently 
lined with soapstonc or 
brick, but if the latter ma- 
terial is to be used, it ii 
better to finiah tlie wht^ 
U once and cover it up with boards to prevent injury 
daring the progress of the work. By this method 
(hera will be no danger of settlements and open joints between the ■ 
rough work and the lining, through which sparks may re.ich the 
■pace behind the furrings. Wrought-iron cliimney-bars must be used 
W mpDort the brickwork above each fireplace opening. Two inches 
by half an iich ia the uaaa! size, and two bars should y-Barfc 

be used. The whole support should be given by the 
bars, without any assistance from arches, which arc liable lo spread 
■nd split the masonry. The depth and form of fireplaces depend on 






liO 



BUILDIKQ BDPEBIHTENDEMCB. 



the oae to whicb ihey are to be put. SmiU) hard-coal gi%te» are oFtan 
»et with only a four-inch ruccss in l!ic masonry, the froDl o( the gr&te 
projecting Uiree or four incliea beyond tlie face of tbo wall, and work 
very "rell bo if tlie draught ii good, but eight inrlies is better, and 
•oft coal or wood Deed at least twelve inches d«nth. The "spUty " 




or bevel to be given to the sides should 
conform lo that of tho grate, if one It to 
be «ub9«quent1y inserted, anil as they are 
made with various angles, the choice should 
be made before the fireplace is begun. It 
this has not been done, a splay of seven sod 
a half in twelve does very well, and will fit 
many grates. (Fig. US.) In vertical sec- 
tion, ihc back of the fireplace should be built 
up plumb about six courses, and then in- 
clined forward, malting the throat of the ni- in. 
chimney about two inches wide (Fig. 117), fioisliiDg with a level 
surface, of cut bricks, about six inches above the line oE the chim- 
ney bars. By this narrowing of the throat the hot gases are con- 
centrated, and the draught much improvedi while the level surface 
at the foot of the flue checks and repels any downward current, in- 
iWad of deflecting it forward into the room. In laying out the fire- 




places, it shonld not be forgotten that they must project from the 
general surface of the chimney at least as far as the line of tho plas- 
tering. If the chimney is furred with !" x 4" studs, Bet fiatwayi, and 
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one incb clear of the mnsoor/, uail then lathed and plastered, Uie 
ploatiT Burfnce mill be four inchL-s in front of [lie britkwork (Fig. 
118). aoil if llie failings of the fireplace am brought out to this point, 
t mantel which is Ikt on the back can be oied. Mo»t marble man- 




teln, however, and soma wooden ones, sre constructed 'o allow of a 
Inrther projection of four inches beyond the plaster line (Fig. 119). 
*o that a choice should tie made as early aa possitile. The superin- 
*endent must watch the construction of the flues assiduously, as the 
only menui of making sure that they arc smooth and uniform in 
rize. tPTietherUicyshallbe "pargeted," or plastered inside with mor- 
tM, depends upon circumstances as well m on local custom. There 
is somo danger that the pargeting may scale off and fall into (he 
flue, dragging with it the mortar 
from the Joints of the brickwork, 
K as to open a passage for sparks, 
nnd for this rcnson the practice is 
forbidden in some places, but if the 
mortar contains, as is advisable, 
half as much cement as lime, and 
the brickwork is kept wet, pargeting 
may be lafcly used, and certainly as- 
sists in giving rmoothne^s and con- 
tinuity of surface to the flue. 

In regard to plastering the outside 
of the cliimney, there is no difference 
of opinion, and where it is to be sub- ''~ 
sequently concealed by furring, the 
(uperin tendon t must insist upon its 
being thoroughly covered from the 
buement floor to the underside of 
the roof boarding. '' 

The " topping out " of the thimney, above the roof, should be done 
with mortar containing erpial parts of litne and cement. Unless thus 
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lUBcle wtttorpruol, every rain will BsturaW the morlar, dissolving OQil 
loosening U UDtil ibu irLiale stack bugius to lean toward liie winilwaril 
side, and then apeedily decays. For the same reason tlie four upper 
courses iliould bo Uud in clear cement, unless a stono or iron cap U 
used. Notbing elso will long withstand tlio disintugratiog action of 
rain, added to that of the aoid vapors from lUe burning tuet. No 
overLanging projection in the sliape of a base should Iw atluwed 
where the cUimnu/ leaves the roof. (Fig. ISO). In the iowviiable 
settlement of ilie whole stauk the upper jrortion will be cau'^ht upon 
the rafters, and the remainder sinking away (rou it, a dangerous 
seam will be opened just above the boarding. 

Even before the chimneys are started, the cross-furring o( the 
ceilings will begin. For lliis planed strips are used 12 inches apart 
from centres, two inches wide, and J or 1^ incbe* 
thick, the latter for three coat plastering. It is of 
great importance to get iliese truly level, to prevent inequaiitiea in 
the finished ceiling. Ordinary carpenters try the strips with a straight 
edge as they nail Lhem to the beams, hacking away a little from one 
beam and filling up a da- 
ficiency in another by ueanB 
of a chip, until an approxi- 
mately even surface is obtain- 
ed ; but a much better way is 
to notch all the beams for iJie 
furring strips before putting 
them on, gauging from the 
upper side in the same nay 
u in sizing upon the partition 
boards or girts. After croas- 
^C" !"■ furring, the setting of the par- 

titions is finished, those that need it are trussed, so as to throw tbe 
weight upon Grm points of support, and small trussea are put over all 
openings in the partitions. 

The trussing of partitions should be studied beforehand, and indi- 
cated on the framing plans, so that doors can be arranged without 
cutting oS the braces. Trusses over openings should be framed like 
Figure 121. The dimensions and position of all the doors and par- 
titions should now be thoroughly verified. No dei>cndance whatever 
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of ivi>r1cmca in tlicse rospects, and tlia 
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Icept. TliB door opeuings mast ha frainiHl aliout 

theg higher ihnn lliu fioiiiLiid door, to allow 



of proper blocking ; and the dhtanue Irom tliu angles of the n 

the openings in 119 1 bo verified to inBure syminulry, if that isinteadedi 

uul sufficient ipoco should be allowed for the ardiicrftves. 

After Jill ii unde correul, thu parlitions m&y be bridged. Tliii ■■ 
fifieo done by nailing in short horizontiil pieces between the ituda; 
a proeuss which hag it* use, but is valueless (or the 
pres-mt purpose. The proper way is to cut in diago- 4n?*infc 
nal pieces (Fig. 122), nliich present a considerable 
resistance to tlie sagging of tlio partition. The final operalion will 
be to try die partitions on each side with a straight edge, and cor- 
rect tlie croolced studs by sawing half through titein oi 
tide, forcing tlieiu into plaue, and driving wedges uit< 
The chimneys are next i;nel»aed 
with furring, consisting of a cuge 
of atads, supported by posts at ibe 
angles of tlie bre.tst. These fur- 
rings chould bo measured to sue 
that lUey are accurately placed in 
the room, that they are of the 
proper dimensions, and tliat the / 
6replace comes uucurately in the 
middle of thum ; such details be- 
in; little regardecJ by the aver.ige 
framer. Nothing now remains but 
the 6xiDgof the grounds to prepare 
tlie inside of Uie house for lathing and plastering. Meanwhile, how- 
erer, various otlier mechanics have Ixien bu^y inside the building, and 
the woric of finishing tlie outside has gone continuously on. Every 
bot-air pipe, gas, drain and water-pipe, bell-tube, ppeaking-tube and 
electric wire which is not intended to appear outside the plastering 
onat be fixed in place during the short Interval whiL-h 
elipsea between lUe completion of the studding and 
(he commi-ncemcnt of the lathing. If tlie plans are prepared with 
eny care, the poi^ition and size of ull hot-air pipes will be indicated 
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oD Ihem, but bo mucli lliouglit is re(]uire<l in arranging tlieiD to Ibe 
bc'sl nilvaDUkgu ibat tlie eupuriDtendont sliould ituilj tlie plans for 
liiiuiielf, ID scuBOQ to siig^eBl changes if uircum stances rentier tbcin 
desirable. 

TIiD proper tixo oE tbe pipes depends upon tlia Corm of hentlng- 
spparatus eiupluvcd, anil lliis sliould therefore bu selected as earlv 
lu possible. Most pcrions make contracts foi- furnace pipes and 
registers complete, but if the pijies are put in scparaloiy it must be 
remeuiburcd tliat lieattirs witli small radiating surfaoi.', like most of 
tito wrouglit-iron furnaces, deliver air at a very high temperature, but 
can deal onl/ with a small current, and tlierefuro work belter with 
few and small pipes and registers, while the best east-iron furnaces 
lu well OS a few forms in wrouglit-iron, and all indirect steam and 
hot-water heating apparatus, possess a large railiating surface, and 
tliL-refore warm a much greater volume of air in a given time, but to 
a lower temperature, so that litrger pi[>es are neceaiitry to convey 
an adeiiuate supply of heat to the rooms. As the onlyfrcsli air sup- 
ply in winter is derivoi} from the registers, it follows that better vgn- 
tilation Is obtained by the introduction of a copious, but moderately 
warm current than from a small admixture of very hot air, but the 
latter is the cheaper mode, in consumption of coal us well as in tbo 
first cost of the apparatus. 

With healers of large radiating surface, the pipes to the principal 
first-story rooms should not be less than 1! inches in diameter, and 
9 or 10 inch pipes should supply the larger cliamberB; but for iLose 
consisting of a mere cylinder of wrought or cast iron, D-inch pipes are 
large enough for the groundJIoar, and 6 or I inch for upper rooms. 
Inexperienced arcliilecta and house-owners often make the mistake 
of putting in too many jilpes and registers. Every unnecessary 
one, by the leakage at the dampers and the chilling of tlie exposed 
pipe, interferes with llie working of all the others, and many houses 
arc almost uninlisbitable in cold woatlier, with a register in every 
room, which would be rguito comfartablu with half Ibc number judi- 
ciously arranged. 

Wherever [lossiblc, tlie hot-air pipes should run through ctonets or 
inferior rooms, exposed to view, but it is usually necessary to carry 
up some behind the furring of chimney-breasts, or even in p^iriitions. 
This involves danger of Gre, which must he guarded ngninsl. Whera 
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UiB pipu pus through Ibe floors, a tin r'lDg, flanged over Hoor uiil 
ceiling, ia usually iaaurlcJ, througli which the hot-air pijio runs, leftv- 
iQg half an inch airspace all arouml ; and tlirougU the whole of iti 
course, *\\ wood-work exposed to this railiation from it bIiouIU be 
covered with pieces of bright tin. Specifications for furuoce-wurk 
genemll/ require all wood within two inches of the pipu to be so 
protuctticl, but this will raret)' be faitlifully done in contract work 
unlexB th« supervision ia very close. A much l>ettor way is to have 
all the pipes which are to be concealud behind wootl-work made 
double, a space at half an iouh ur so beio^ left between tlio outer 
and inner cylinders, through wliich air circulates freely. Wlierc Iho 
pipes are carried up in partitions without such protection, heavy wire 
lath tboulJ replace wood over Chent, 

Of llie |>luni1>er'e work, only a imnll part will geoornlly ncnil to bo 
done before plastering. Although gupply-iii|M>s are now gcoeraUy 
planned to run outside the watla, in poaitiona where 
Ihey oan be easily reached, iron waete and ventiLition '"'SJS^''* 
pipes are often best carried up in partitions, and 
these mtut be set in place in time to avoid sub^eijucnt cutting of the 
plaster, so that the plumber should be notified in season. 

Gat-piping must bo ail completed before the lathing can com- 
mence, and will need vigilant watching. Carc:tcss and stupid in 
regard to the work of others as plumbers are apt lo _ _, 
be, Uie cheap gaB-fitlers far aurpaaa them in capacity 
for bol«:hing their own work and deatroying that of others. If the 
plan shows two or three rooms an suife, with a centre tight in the 
culing of each, the workman will genendly, if the auperintcndeot is 
out o[ sight, proceed to take up a board through the middle of Iba 
floor above, and notch tlie entire tier of beams from one to six 
inches deep in the middle of their span, weakening tho floor danger- 
ously and irreparably ; or sliort cuts wilt be talccn in a similar man- 
lier across girders, braces, or anything else that may happen to be 
ia (lie way. All good specifications stipulate tliat no beam shall be 
notched at a greater distance than two feet from the bearing, whore 
the cutting down docs not materially affect the strength, and tliat all 
tentre-lights shall be supplied by branch pipes at the jiroper points, 
but irresponsible journeymen, unless watched, pay little regard ta 
such documents. 
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Core must sXao be Lakoa to see that all pipes are laid with a coo- 
tiouoiiB full tovr&rj tlie mcLcr, as otlieririBu Utey may be choked by 
liijiiii] i'oni]uD$eil from Llic gas ; anil llic position of all centre-light« 
aii'l brackets gliould be verified. No pains will generally be tnkeo 
to have tlicm accumtuly placed, so long as (buy come wiiliia a few 
incliea of tbuir proper poBiiion, unk'ss the mi-'n are siricily looked 
after, nnil aunoying dlfficiUiea are likely to be cauouDti-reil in oonse- 
qiieiiM whuo the ociliog is d<:curated. The height of the hrucket 
outlets from the floor will also generally be varied to save Uie work- 
man the trouble of ciiCling his pipe, ratlier tlian with a view to their 
appearance or use. The proper beigUt for bracket outlets in cham- 
bers is 4 feet 10 inches from the top of the under floor; in halls and 
firsl-Btory rooms, S feet 7 inehes is the rule. Alirror lights should 
have outlets 8 feet from the Uoor.' 

£ven if the outlets are properly placed, it is usually too much 
trouble for the workman to cut Lite nipples of the rl^lit length, or to 
make tlieir direction uormul to the surface from which Uicy project, 
and cotisequently tiio fixtures, after the bouse is completed and paid 
for, will be found to take all sorts of unexpected angles with waUs 
ftnd ceilings, which can only be remedied by hanging the chandeliera 
with ball-aud-aocket joints, or bending the nipples, at the imminent 
risk of causing a bad leak. The proper time to make sure of this 
point is while the work is guiug on. A straight piece oE pipe, a foot 
or more in length, and of tbe proper calibre, should bo screwed upon 
each nipple, as soon as set, and carefully levelled and plumbed, and 
Coated with a carpenter's squai-e. If any deviatiou from the true 
position is observed, it should be rectified before the inspection of the 
pipes by the mercury gauge, so that any leaks eaueed by tlu.- correc- 
tion uiay he detected. All bends, tecs, and other fittings for gas- 
pipe under two inches in diameter should be specified to be of mal- 
leable iron, which admits of a little bending, and this is often the 
easiest way to bring the pipes back to place. The nipples, or short 
pieces of pipe which project through the plastering aod receive the 
fixtures, should all be cut to tlie right length, so that they may pro- 
ject not more than 1^ or less than | of an inch beyond the finished 
plastering, allowing for the projection of the "bud," or middle portion 
of the plaster ccntre-pioce. It saves trouble — to the gas-fitter, — 
to utilize waste bits of misccllauoous lengths for the purpose, at 
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tbal it is generally necessary, after the house is done, to dig some of 
the Dipples out of the plaster id whiuh tlicy ftre buried, aad to re- 
place ulhurs of inordinate length by pieces of proper size; at the 
rtek in botii caMiis of detacliiog the centre-pieces or causing leaks 
withiu the walla or ceilings. 

After the pipes are al! in place, their whole extent ehould be ex- 
amineil, to malte sure that no BpUC or defective pipe, made tempora- 
rily light with putty or red lead, forms a portion of the systeiu. This 
once ascertained, the caps are to be Krewed on, and the pipes in- 
spected by the mercury gauge, wliich will alwajs be done on a re- 
quest left at the olBce of the company which will supply gas to the 
house. To one of the outlets is attached a manometer tube, or in- 
verted aiphoD, with the short \eg closed, filleil with mercury. Air is 
then pumped into the pipes until the mercury stands at a given 
height in the tube, and the whole left over night. The next morn- 
ing, it the mercury column remains at the same height, the piping is 
pronounced tight. The superintendent should witness this process, 
and satisfy himself of the result, instead of taking the word of the 
gas-filter in regard to iL 

Bell-wires should always run in zinc tubes, which are sometimes 
fastened to the outside of the laths, and buried in the plastering, hut 
are much butter run between the studs. Their position should be 
verified, or, if not marked on the plans, determined - ,, ^ 
with reference to the furniture whieh will occupy the 
rooms. Nothing, in a layman's eyes, does more discredit to an archi- 
tect tlian to Gnd gas outlets situated behind doors, or bell-pulls so 
placed that a bed or dressing-case must inevitably come in front of 

Eleclrio bells, which are very generally used Instead of the or- 
dinary kind, rocpire only wires, which need not run through tubing, 
bnt are simply fixod to the sLuds by means of staples. With them 
ahonld be put any other wires which may subsequently bo needed to 
conduct electrical currentf, such as tliose for burglar alarms, elot^tric 
gas-lighting, or the electric light itself. 

While these operations are going on inside, the outside finish has 
bMD rapidly advancing, so that the whole building may be so fnr ks 
possible tight against rain by the time the interior is givvn up to the 
plasterers. The gutters are first put on, and thesliingling or Hlating, 
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beginning at tlie eaves, Ib carried to tlie lop. Care should be laken 

Uiut the gutter is so placed as to catcli rainwater, but alluw anon to 
elide over it, (Fig. 123.) Young arciiltects often find 
their detail drawings for cornices defective in this par- 
ticular. For additional pro- 
tect ion against snoiiT-fral«r 
baelcing up under the shingles, 
or the overBow of the gutter 
dribbling through beliind tlie 
cornice, the gutter ahoulil be 
ploughed at top and bottom, 
aod"faciiu" inserted as 
shown in the figure. The shin- 
gling or slating 
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double course, and the gauge 
is then mitrked off regularly to 
the top. Ordinary shingles, 
sixteen inches long, should not 
show more than four-and-a-half 
inches to the weather, unless 
on very steep roofs. The 

thick Michigan pine shingles, eighteen and twenty Inches long, can 
ba laid with much more projoctlon without fear of breaking or curl- 
ing. Each must be nailed with two nails, which should be galvanised 
if a very permanent roof is desired. Common nails rust out long 
before good shingles, well painted, become unserviceable. 

It b easy to judge of the quality of shingles. Freedom from knots 
and cross grain, and an approximation to uniform width, are the 
principal requisites. Spruce shingles, which are unfit to use in any 
but inferior builiiings, are easily distinguished by tlielr Appearance 
and smell, which diSer completely from the aromatic odor and ailky 
grain ol the " white cedar," or arbor-vitie wood, from whiuh those 
in ordinary use are made. Fine shingles are of a special size, and 
those of the Virginia cypress, which have the reputation of being 
everlasting, are somewhat costly, and have but a limited market. 
The choice between sawed and shaved shingles depends upon cii^ 
The latter allow water to run off more freely, and are 
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to be preferred if uDpaiated, nliile tlic former hold painL better, and 
WB therefore geaerafly uacU by areliitocls. 

In laying, (be widest shlDgles are selected fgr the hips and val- 
leji, where cutting is neci^ssary, in ordBr to give room for two naiU, 
(Fig, 134.) Many of tile best carpenl«rfl lay hip» 
like Fig. 125, so that lie cut sbingle 
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edge, nod the effect is picturesque, wkil« ibe 
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corao St the e 
durability of the roof is improved. 

The painting of a shingle roof is important. Many architects 
■ptecify that each shingle shall be dipped in paint, some even requir- 
ing the paint to be hot; but tbU Is tedious and expea- 
WTB. A simpler and very good way is to paint each fthlnBle* 
course as it is kid ; and the cheapest is to do it all 
at ooi'o after the roofers are out of the way. The last process 
rather liiutens tlio decay of the shingies, by forming little dams of 
paint which hold back the rain-water against tbo unprotected por- 
tions, but Is usually adopted. 

Where shingles are lo bo uacil, the roof boarding is generally of 
hemlock or inferior spruce, planed to an even thickness, and one or 
two " plies" of tarred felt are laid under the shingles, to prevent 
fine snon in heavy storms front finding lis way into the rooms. With 
slates still greater precaution is necessary, and the tarred felt should 
Dot only bo double with all joints well broken, but 
Biatched pine boards should be used underneath. The 
" lap " of the slatea will vary according to the siee. Ten inches by 
twenty, or eight by sixteen are generally used, ami tor the best work 
should be laid with " three-inch lap " ; that ia, each slate should lap 
three inches beyond the bear] of the second slate below, (Fig- 136), 
and the length of the exposed portion will be found by deducting the 
lap from the whole length of the slate, and dividing tliu remainder by 
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two. Two Indies lap, ia however, common. The tliites elioulil be 
put on with galvanized nails, not driven too hard. Cor fear of bank- 
ing tliem, nor too little, lest tb<?)' Bhould 
rattle and blow olt in high winds, sod 
tlie cut slates at the hips should be 
watched lo see that Ihey are not hung 
by ODO nail. Patent stating nails, whieh 
have a circle of japanned tin around the 
head, are usefuL The flashings Ebould 
hut be looked after, and the roof wiH 
then be eomplcto. 
If the young architect is ambitions of being able to say that no roof 
built under hta superiatendenpe ovur leaked, he will need to exercise 
^ both thoroaghncss in inspection and skill in providing 
itingencies. The wont leaks come from 
improper position of the gutt«rs, by which wet snow sliding from the 
roof i» caught and held back. It soon freezes lo the roof along the 
lower edge, the upper portion remaining free, and the water suhse- 
(]uentiy running down the slope 19 caught as in a long, dtep pocket, 
in which it rises rapidly until its level reaches lliat of the upper edge 
of a course of slates or shingles, over which it pours in a sheet, to find 
it« way into the rooms below. Next to this defect insulScient flashiog 
In valleys is perhaps the worst. As metal is expensive, the roofer's 
interest is to save as much of it as possible, and the superintendent 
must consider the circumstances of pitch and extent of roof surface 
draining into the valley, and the slope of the valley itself which should 
determine the depth which the water will probably obtain in it. In 
certain cases, where the roofs are large, this may be eigtiteen inches 
or more in summer showers, and the only security is to make the val- 
ley Kasliings of corresponding site. 

A very common place for a small leak is around the chimneys, 
where rain or snow often blow through between the bricks and the 
flaps of a "stepped flashing." The remeily is a liberal application 
of elastic or '■ Boston " cement between the brickwork and the metal.* 
The same cement is also needed to prevent water from getting ia at 
the angle of a hip in a slated roof, unless tho hip is protected by 
flashings (See Part I, page SO.) This chould alivays be the case 
where a j>erm<incnt construction is intended, einco the cement soon 
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" burns out " nnd cruoiblei by tbe beat of tlio sun on llio slates. 
Sliinglw fit niucli moro closuly, nnU will generally mnko a light Lip 
wilhoiit cement or metal. 

While the roofers aro at work, llie wtnilow 
frames ure being rnpiilly set in 
place. These, in wooden housef. Window 
nru mere frunts, in plan like 
g rig. 127. A being tlio "puUey-slj 
■ (or the parting head, while B 19 

casing. \Vlien this is jiut in pine 
to die rougb-boanling, the spiico X, between the pulley-style : 
■tad, forms tlie pocket for ihe weights. 

The CKsing B is often mouldcil or ornamented. If plain, it should 
be 1} incliea thick, to prevent corling under the beat of the Bun. Its 
inner edge, projecting half an inch beyond the face of the pulley-style, 
is UMially m»ie to form one side of the channel in which the upper 
«uh slides, but it is much better to increase Ihe depth of the rercal 
by inserting d slip C, some fivo-tighlbs or thrwMjimrtcra of an inch 
wide, changing the position of the parting^bcad to corrcFpond. 
Independent of tlie improved appearance of such a frame, room is 



" grooved 



e and nailed 
nd the 
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thus given for mosquito-nets and blinds. The shingles or clapboards 
are bid close iip to the other edge ot the casing, but when this 
■brinks a vertical opening is left, through which rain penetrates, 
uld tarred felt, or still better, strips ot zinc, must be laid in 
behind the casing and the adjacent work. The junctinn of the clap- 
boards or shingles with the top of the cQs:ng must also be protected. 
Some carpenters do thU by tacking a strip of lead to the boards jusi 
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OTur ihe casing, and turning it down over ilic eilge (Fig. 128), but 
it 19 neater nni] tighter to rubate llie lop of iLe casing. (Fig. ISD.) 
If tbia i* <lunc, ami the vertical sides of tbe casing are grooveil 
into tbe bead (Fig. 130), the sills set to a sharp pitch, oDBHUid-*- 
balf inches or so, and grooved underneath for inserting the shinglet 
or clapboards nLich come below them, the superintendent may be 
'lOlerably sure that liis building will not show lliat most annoying 
if defects, leakage around tbe edges of the opening and the shin- 
gling or clapboariiing may be commenced at once. 

Before this, bowever, tlie back-plastering, if any is speciGed, 
(hould have been catnpleted, in order that its drying may be favored 
by the circulation of air through the open Joints of Ihe boarding; 
and notice must be given to the plasterers la ample 
Tbe mode usually considered best is to nail 
lilkts to the sides of the studs, and lo lalh on these, so 
that in theory a double air-space is formed by the outside boarding, 
the eliect of back-plastering, and the inner plaster; but in practice 
it is inconvenient to nail fillets in the narrow space between the 
ledger imards and the outer boarding of a balloon frame, or just 
above tlie droppcd-girt of a braced frame, and still more so to nail 
laths to ihetn, so lliat these spaces are usually neglected, nml the 
wind which blows in under the clapboards and paper of oven the 
best built house 6nds an issue at such points into the interior. The 
real object slioutd be to spread a continuous sheet of mortar from 
aill to plate, and this can be much better accomplished by omitting 
tbe fillets, and nailing two lines of laths vertically between each piur 
of studs, then lathing on these, and plnstcring with a thick coat of 
mortar, well pressed on, so as to fill in between the latlis and the 
boarding. By this method room is left for the mason to insert his 
trowel and hand behind tlie ledger-boards or floor! ng-s trips and 
reach every inch of the space between the studs, closing it against 
the wind, if care is taken to bring the mortar well up on the stud^ 
with almost the imperviousocss of a solid brick wall. 

The meaner contractors, not in consequence of scientific deduc- 
tion, but from desire of gain, often caricature this mode, by lathing 
vertically directly on (be boarding, without the interposition of the 
first Inths, which are essential to give a key to the mortar, and pre- 
vent it from cracking off. Some even content themselves, it not 
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obserred. with simply upreading ihe mortar on tlie boards, without 
Maj tiilliing wLnterer. It itays in place just about long enough for 
the contractor to get his pay. 

A> soon at the back-plastering is done, it is usual iu goo<l housei 
apply some precautions against llie spread of fire and the pusage 
' rats and mice from room to room. In the cellur, 
tbe whole space betvccn the beams, from the «ill to 
the inner eurrace of ibo wall, should bo fillcil in solid irilb brick- 
work and mortar (Fig. ISl), up to the under side of the door-boards. 
This not only keeps out the cold wind which would olUcrwise blow 
freely through the chinktt about the sill and the base-mouldings of 
the house, but renders it impossible for rats and mice to climb on top 
of the wall and gnaw their way through the floor above. If the 
cellar ceiling \a not plastered, the space above the girders should be 
bricked up, for the same reason ; and in any case a brick partition, 
M least four inches thick, should be built, in mortar, on top of every 
girder, between the studs of the partition which rest on it, and on 
the beads of all partitions above which cross the beams, to a height 
of two or three inches above the floor. By tills means tlie hollow 
spaces between the ceilings and Hoors are divided up into compart- 
ments, effectually cutting oil the circulation of cold air through the 
floors which is so much to be feared in country houses, while Hre is 
prerented from spreading laterally between the Iteams. It is very 
desirable also to Hll in with brickbats and 
mortar between the stuils of all partitions, 
at about hnlf the height of the room. This 
"firfr«top" belt may be liiid on top of the 
bridging, and will check the upward course 
of fire, forcing it to burn out into tbo open 
room, where it will be discovcrcil and means 
applied for extinguishing it. Tlie principle 
thould never be lost eight of, that the chief 
danger from lire in dwelling-bouieB comes 
from allowing it to Snd its way into the 
wooden tulies, lined with bristling splinters, 
nearly as inflammable as tinder, which are '* 

formed by the interior surfaces of the laths, stud^, beams and floor- 
ing-boards. In tbeec tho flames creep, umliscovcred and inacce* 
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tible, througli anil tbraugh a liouse id wliicb no clovk'n ia adopted for 
intercepting ihe communication between Eucli Bir-spBt^es, until Uier 
gitin fCrengtIi enough to burst out fiercely in a dozen places at once, 
and the building, already permeated in all directions by tlie fire, U 
ijuiclclv deatroyed. 

To carry out the system of protection witlj nny tliorooglmegs, the 
ppHcea l>etween tlie outFide aluda muat alao he divided into sections by 
incombustible material. With braced frames this can very well ba 
done by loenns o! brickwork Inid upon the girts, but for balloon 
frames it is neceiissry to nail in abort pieces of timber between the 
studs at the level of llio ledger boards, to liuild upon. A good body 
of masonry should then be formed on lop of llie plate, filling the 
whole space between the raftera to the under aide of the roof-boards. 
This is an invaluable defence against cold air as well as (ire, both of 
which utiually find the cornice a very vulnerable feature. 

One other point reniaina to bo guarded : the hollow space around 
the chimneys, behind tlie furring oE the breasts. The easiest way 
of obtaininga partial protection is to Inth and plaster the ceiling from 
the chimney outward as far as the breast will extend, before setting 
the furrings. A single rough coat only need be used, and it can 
be put on at the same time as the back-plaatering, so as not to cause 
any delay. It stout wir&Jathing is used insteaii o( 
the ordinary kind, and especially if the mortar is 
"gauged" with a liberal dose of plaster-of-Paris, a very efficient 
protection is obtained for the portion of the building most exposed 

Where the owner is disposed to incur a small extra expense for 
the sake of additional safety, wire-lath will be found generally of 
great service. Only the lieaviesl kind should bo used, as the numer- 
ous furrings necessary to secure the more flexible varieties detract 
very much from its value as a protection against fire. By applying 
it to the surface of chimney-breasts and the under side of the stairs, 
great security is gained for the building, at a trifling e^cpcnse, and it 
may bo employed also in the ceilings and walls about furnaces and 
stoves. Where it is necessary, as it will sometimes be. to carry hot- 
air pipes in partitions, the lathing over them should always be of 
wire, unless the pipes are made double, or a casing of bright tin put 
■II around them on the wood-work and under the laths before pla* 
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lering. By first nailing laths vertically on the ttmlii, the wire cah 
be brought to the mme plane as the wooden laths on each side, and 
Ihu plastering will form an unbroken surface. Even tho cost of 
luiag wire-tath throughout a dwelling-house is in many ways repaid. 
Its poirer of holding the mortar so firmly (hat no amount of force 
will detach it, to which, far more than to its incombustible material. 
It owes its ofliciencj in resisting Rre, is equally valuable in tnaintain- 
* ing A perfect surface for walls and ceilings. Such plastering does 
not crack or sag; no Tiolence can shake it down, and the most pro- 
longed water-soaking fails to detach it from the lathing. 

Whether a larger or smaller number of these precautions shall 
be adopted will depend on circumstances. If wooden laths are to be 
used for the plastering, the superintendent should see 
that they have the requisite number of nailings, and Lath*" 
■re not placed too near together. Three-ciglitlis of an 
inch is the proper distance : if nearer together the mortar will not 
be effectually pressed through the intervals, and its hold will be fee- 
ble: if farther apart, it will not, while soft, sustain its own weight. 
It if usual tospecify that the joints shall be broken every sixcourset; 
but it is mueli better and not much more troublesome 
to break joints at every course: and care should be joint?' 
taken that the laths above the door and window bends 
extend at least to the next etud beyond the jamb (Fig. 132), so as t« 
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prevent the radiating cracks which are apt to appear at that point 
Where the men meet with a small space, whose longest direction li 
perpendicular to that of the other lathing, they are apt to fill it up 
withlatbisetat right angles with Ihe rest. (Fig. 133.) This should 
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never ba permitted, ni craclcs are tura to appeur afterward wbcre 
tbe cliange of direutioD takes place. 

After (lie application of tlie lotlii, if not before, th« furrioga ahouliJ 
be verified, 'f ho Bollits of dormer windows, (lie under side of stairs, 
and oil angles of walls and ceilings should be carefully observed to 
see thM tbeir surfaiics are plane. Chimney -breasts Ehouid be tried 
with a carpenter's square, to make sure that llieir external and in- 
temol angles are r^Iit angles, and tbe position of the cbiiaDey-breiuts 
in the room should be finally examined. All latlia which siiow knots, 
portions of bark or stains should be pulled of! on tbe spot and thrown 
awAy, and their places supplied with fresh ones, as such imperfec- 
tions in tbe laths are liable to cause discobrntlon In the plaster over 
them ; and for the tame reason all brickwork which is to be plas- 
tered should be cleared from soot, tobacco juice or soluble defile- 

AC least seven days before the lathing is finished all the mortar 
(or tbe first coat of plastering should have been mixed and stacked; 
if possible to some place outside the bouse, since tiie evaporation 
from so large a mass of wet material, if stored, as is often done, in 
the cellar, causes the timbers to swell through dampness. The lime 
must be of the best quality, free from every trace of underbnmt 
"core." If the lumps, on being covered with water, slake for a tine 
with considerable violence, but leave a residue which must be 
crushed by the boe, tbe whole should be rejected. Such lime, unless 
it can be stored long enough to insure this conversion of every por- 
tion not absolutely inert, will surely cause ihe plastering made from 
it tu blister and " ehip-crack," sometimes after ihe lapse of months ; 
and with the best lime it is unsafe to put tbe mortar on the wall un- 
til il has " cooled " for a week or more, to allow all tbe particles to 
become bydratcd. The ancient melbo<l, by which the slaked lime 
was stored in pits and not drawn upon for u»e until after one or two 
years* seasoning, unfortunately has became obsolete. 

Loamy san<l is nearly as much to be dreaded in plastering as 
nnderburnt lime. Some varieties contain particles of compact clay 
or Boll which will, after a season's drying, assume n 
powdery condition, expanding as they do so, and 
throwing off the mortar in hundreds of little pits, like the scars of 
imall-pox. Moistening the sand and rubbing it on the hands wit! 
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nmally give sufficieot eviilc-ncc of the presence of loam or clny hy Uie 
■tail! which it leaves on the slcin. 

After seeing tliat tlie morUr is well pushed through t!ie laths with 
the Irowels, BO a9 to bentl over on the inside, the straightness of the 
Mglesiboth vertical and horizontal, between walls and ceilings should 
be snidiiously crillcised. In two-«oAt work, Buch as 
ij ased throughout the Eastern States for dwelling- 
boiues of moderate eoac, there is no opportunity for bringiag the 
■nrfacea lo a true plane after the first coat is on, since 
the second or ^' skim co*** " i' •* wn^^a ira^n;.!, i^^a *i*>m * 

} of an inch in thickne 
in layir^ on just morti 
been trowelled down e 



is a more varnish, less tbftn 
ind the plasterer must use bis juil 
lough Co fill out to the line after 
h to force it well through the laths. 



This 



can iBldani be done with any accuracy over the larger surfaces, but 
by applying the long, thin-edged board which is used to finish against 
die an^e beads as a ruler, any reasonably c 
nun can Insure the straightness and accuracy of the 
CorORra, and this should be insisted upon, as the eye tmmerlintely 
detect* any irregularity in the angle between walls, or between 
the wall and ceiling, while ine<iiiHlitics of the intermediate por- 
tion* are unnoticed. With three coats it is easy to obtain surfaces 
absolutely plane, by using iho proper means. Tlie Thmo 
■cratch-coat b W bo very strongly trowelled and wtU Ooai-worK. 
acralcbed up with a sort of comb, mode of sharpened laths nailed 
in a row on a stick. After this is thoroughly dnj, " screerls " should, 
(or a flrst-clag* job, be run all around the ma 
of the ceiling, consisting of strips of mortar, c 
fully put on, and brought to a perfectly plane and horizontal surface 
by means of the spirit level and a long straight edge, applied diag- 
onally across the corners as wall as along each strip. 
For a small ceiling this will be sufficient, but a largo 
one requires intermediate screeds, brought accurately to the plane 
of the first ones. When the screeds have hardened a little, the 
■pace between them is fillud with "brown " mortar, which is easily 
made perfectly even by means of the straight-edge. Similar screeds 
should be formed in the vertical angles of the room, plumbed, and 
the intermediate spaces filled up to a pl.inc surface. IF cornices are 
to be run, which is always done t>eFore the last coat of plastering. 
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the angles 800uld be as rough as possible, to give tliaoi aufEcicnt 

" kej." The auperiutenJcnt ehouKI etuily the proRIa 

Oomlo«>. jjf jjig proposed mouldings, and if a Urge maai of 

mortar will be left in the angle, he should order nails to be drivcii 

to hold up the coarse morlar which is 

uaed for " dubbing out " the cornice 

before the finer material is applied. 

3 is necessarj' to see that the Goal coat 

not injured by freezing in winter or by too 

lummer. From the latter cause the finished 

windows is oflen found covered with a nel- 

crai?ks, particularly on the side which the 

while a breeze barely at the freezing point 

I surface with radiating crystals, disintegrating it so 

•Jiut ua thawing again the mortar will scale o& in patches. The 

remedy for this ia to keep all openings protected by 

'**"'■ temporary windows or screens, consisting of wooden 

frames covered with cotton cloth, well Ctied to the openings. 

Whether the plasterer or the carpenter slialt provide these screens 

or temporary windows depends on tlie terms of their respective 

specifications. Perhaps the best way is to ret^uire the carpenter to 

supply and fit them, anil the plasterer to shift them in such a way 

as to secure Lis work against freezing or unequal drying. 

As soon as the plastering is completed, tlie plumber must be 
■ummoned'to finish bis work, so as not to delay the joinery. The 
pipes will be first put up, and the superintendent must thor- 
oughly understand the purposes and requirements of 
each. Cast-iron pipbi should bu carefully scrutinized, 
especially where cut or broken. The metal, unless double-thick 
pipes are specified, will be very light, and in the poorer makes it ia 
apt fro[n careless casting to be much thinner on one side tliaa the 
other. 1( any particular kind is callcil for, or known to be good, the 
shape of the " hub " will serve to distinguish it, if the name of the 
naker is not cast upon the piccea. In some places iron 
ilpes are coaled with asphaltum at the facvory, for the 
use of the best plumbers] the inside aswell as the outside being treated. 
Elsewhere, painting with red lead is customary; and this is generally 
confined to the outside, as the Inside would soon lose its coating. The 
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>Lud wlicre tlie joint will be a 
■houlU bo deferred. It must n 
b; itself will not make a 
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■spkntlum forms the best covering, but whalerer \t u«ed, the extorior 
of the pipes must bo completely coated before lUey are broaght to 
the building. Ttie joints «houIil he mode vritit oakum, not paper or 
■havings, driven in tight, and finished with melted lead, which, afier 
the pipes are fixed in position, is to be thoroughly calked all around. 
o calk the joint before securing 
o occasioned may loosen the leail, 
liblu after fixing Its completion 
: not be forgotten that the melted lead 
it joint, Eince theabrinkage of the metal 
Id cooling Urans it awny from the iron, and it must be forced again 
into contact with the calking iron, applied at every point of the cir- 
cunfcrencv. A firat-class workman will use three or four pounds of 
lead for each joint, filling the hub completely, aud showing the 
marks of the tool all around. Inferior plumbers leave a little space 
aboTO the lead, which tliey afterwards fill up with putty, smoothing 
it neatly, and. If possible, getting a coat of paint over it before the 
BUperintcndent comes. Such Joints will puss the test, but are not 
djrable if there has been any earulussness in calking the lead. In- 
teutionikl swindlers Gil the Joint with sbavingSi papLT, mortar or any- 
thing else which liapiiens to be at hand, and daub the top over with 
putty, or perhaps with a little lead, ladled out of the pot. 

Kust join Is, of sal-ammoni.'w; and iron turnings, are sometimes, 
though rarely, used. They are said to bo tight and durable, but 
likely, if unskilfullj- made, to burst the hub by the expansion of die 
DaH. All Iron pipe should bo very strongly supported, by iron 
■traps and hooks, never by wires. 

l^ad pi|)es should be examined as deli' 
foot, or the letters denoting the same thing, 
of the coils : after the lengths are cut off. i 
difficult tA ascertain whether they comply 
with the requirements of the sjieciflcation. Must lead manufactu- 
rers furnish canis sliowing the thickness of metal corresponding to 
a given weight for each calibre, but the saw used to cut It spreads 
out the lead, increasing the apparent thickness. In general, lead 
supply-pipes, unluus for a tank or other very light pressure, should 
not lie Uga rhan ^f of an inch in thickness of luetal. Wastit anil air 
pipes will be little mure than half of this. There is some diSerence 
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In the iiualit/ of U-aJ jiipcf, but it is not easy lo dutect it except bf 
ADalfsia or (ha lest of uec. lloncj-'ComlieJ or corroded pipe, uoU tiixy 
wbiuli eliowi uneijual tliiukncss at metal, iLould liowovcr Iw itt onue 

In ccrtitia ioualillos iLo scnmluss brasi tubing, drairn over a mao- 
dj'il in the saioe wa/ ai luad pi[)e, ia niucli In fuvor for plumbing 
work, and wUeru tUu pressure is very hisavy or the vtattr is so soft 
I to attack lead, it is well worth llie additional 
•St, wliicli is not unuolly more than tea tu fifteen per 
cent on IJie wbulo Ktnouot of tlia plumber's contract. Thov i:an be 
liad eitiier plain, or coatei] ini^ldo ftniJ aut.ilde with tin, or, for uae in 
conspicuous situations, platud with nlukel and polished ; and coup- 
lings, unions, bcudv, tees, and all variittiei of coeka and fittings Are 
furnlalied to corroflpond wiib cacL kind of pipe. IVhero llie brass 
tubing is employed ibrougbout a house, it is common lo have the 
udd-watur supply tinned inside, while tliB hot-water, whii;h is not 
likely to be used for drinking, is conveyed in tlie ordinary kind. -If 
there U no danger tLat either brass or lead will be corroded by the 
water, it is not unusual in the best work to make the hol-water pipeii 
only of brass, using lead for the others. In this case the harder 
metal {Hxsusses '.lie advantage that if properly put up, with the 
angles left free lo move a little baek and forth to accommodate the 
expansion and contraction of the pipe between them, it is not inju- 
riously affected by repeated alternations of heat and cold, which 
with the inelastic and ductile lend Urst stretch the pipe by contrac- 
tion, and then, as it does not possess elaiiicity enough to recover it» 
shape, cause it, on being again extended by the passage of warm 
water through il, to sag down between its supports, this effect in- 
creasing by repetitions of the cause until the undulations of the pipe 
become sufficiently pronounced lo retard or slop altogether the flow 
of water through it. Whore, however, the brass tubing la tightly 
confined at the ends of a long line, the joints and fittings often be- 
come Btruined and leaky by the contracljon of the ]iipe in cold 
weather, since the very rigidity of tlie metal prevents it from accom- 
mwlnting itself, like ductile lead, to the force exerted upon it; so 
that it should be used intelligently to obtain the full benefit of ila 
good qualities. One last precaution should be observed ; at the com- 
pletion of a piece of brass-pipe jihiuibing all exposed portions of the 
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metal must be varnUlied widi a good coat of sliellac, or it will mmh 
bL-cotoe corrorji'il anJ unsiglitly. 'i'liis may bu maJu a .purtii)H eitlier 
of thu jilumber's ur tlie pointur'ti coDtruct, but unless llm duty ii 
diMinctly impudud upon one or tbc olber, it will bt; ue^lvcled, Paiat, 
whiuU was onte genera!!/ applied both to brais aud lend pipv«, ia 
beit omitted ualess required fur appenra.ni.-e. 

Aa a clieap siibstitute for brass tubing, wliero there ia re.inon to 
fear tlie corrosiou of lead pipe from the softniiss oE the water, or it* 
bursting from the heavy pressure nnder which it ii delivvrei], ii'on is 
often used, jjalvrniiieil or enamelled in various waj-s. 
It may be obtained with a lining of pure block tin, •'»"««■••«'« 
FormiDg a very strong and pure channel for wati^r, 
and glass-liaiid iron pine is sometimes used ; but the or<llnarv eoat- 
Ing ia one of coal-tar or pnrafEne ename!, giving a sliinln" black 
tnrfoco. A smooth, red covering ii tomeliraes scL-n, which is said 10 
have K base ot vulcanlxed rubber. ^Vhatover may be the prot«oting 
inediuiD employi'd. tlio unions, I>onds, and othisr littings are treated 
iritb the same, and if well put to;;etlier the water nowhere cumet in 
contact with the metal, 'i'lie galvanized or tinc-cuatcd pipes are 
more expuriaive than those merely enamelled, but mure durable, uo- 
teu in acid waters. 

The Mine precautions against the straining of the joints which 
are necessary with brass pipes should be obwrved with those of iron. 
Moreover, iron being a very rapid conductor of heul, cold-water 
npply-pipcB of that metal will in warm, sultry weather ciinilense a 
great deal of water upon their surfaces, which trickles down them 
and may in time cause serious injury to paper or otiier decorations 
beneath. Whero there is any risk of this the pipes should be en- 
cased in a tubiu'j of z'me, which will culvh the c 
dcDxcd drops and conduct them to a place of eafety. 
Xliii if even lione with lead and brass pipes in city work of the best 
oharaoter. Whero costly dccoratioUE or [lapers are in ilan^er of 
being injured by a poseible leak, it is always advisable and is gen- 
erally required of the plumber by the best arcliitecls, to enclose all 
■npply-pipes in zinc tubes, which will retain the jet from a lead pipe 
bnrst by f reeeing or nater-hacnmcr, or tlie drop* of condensed water, 
and conduct tliem Ui a safe outlet. 

i'be course joints and fiutcning of all tliu pipes, whatever their 
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material, sLoulJ bo corofull;- observed, anil the liand of a skilful iind 
conicientious pluinlier will be moru (juickly recognized in iiua tliaa 
in any otlier detail of the work. Suc:h a luiin ciin klwaj's arrange 
bis pipsfl to ihat tliey will fall naturally into tliuir proper jilaoes, 
wilboiit that iluiiging over or uniler cacli other whicli elmracterijies 
die " bolcli's" work; bia lines will be pcrfuutly struigbt, aoil all hot- 
WAt«r pi]ios separstt!!! by a email JiitRDCB from tho cold, to avoid 
bsi of buat from one to the other; the eupporta vill be neatly put 
up, at eipial and niiinll intervnh, so that no sagging of the pipes will 
be possible between diem ; and all will be laid wilb a cooclauous fall 
tOTrard some faucet W means of whicb the water can be thoroughly 
flroineil from diem. 

Boards ihould bu put up by the carpenter, well st^L-urcd to the 
walla or ceilings, wlierevcr pipes are to run, and tiiniilar ones fitted 
in between the btiams whero it is necessary to concBid ibeni between 
floor and cuillng. To lliCEe boards the pipes must be attached at 
intervals of about four fecC where the;; run vertically, two feet whem 
they follow the underside of a ceiling, and six or eight feet where 
they simply lie on a, horizontal surface. Horizontal pipes should be 
secured by stout brass bauds screwed to the boards; and where sev- 
eral pipes run side by side, a lirst-rale plumber will separate them 
far enough to allow screws to be put into the band between them. 
Vertical pipes, in order to prevent them from creeping downward by 
alternate expansion and contraction, must be fixed in place by hard- 
metal "tacks" soldered to the pipes and screwed to the boardx. 
All joiots in lead pljies should be " wiped joints," excepting only 
those co[inecting tho couplings of basin, sink, or other wastes to die 
pipes, which cannot canity lie wiped, and do not require to resist a 
pulling strain, so that a "cup joint " is suflieient. 

Brass and iron pijies are connected by means of unions, or short 
pieces of cast-brass, tapped at each end lo receive iho screw thread 
cut on the lengtha of tubing. In the case of brass, the joint ia covered 
with red lead before screwing; up. Ennmcllcd or galvanlzod iron 
fittings may be put together without such luting. 

If ihe workman shows a disposition to negle<:t any of these niceties 
of his art, he should b<i always under suspicion of greater errors, and 
diiiiulij be watehed to see that he docs not fasten the pipea in out-n|- 
the-wiiy cornera by means of hooks, or leave them suspended ftuiii a 
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ceiling, or between beams, hy attacbnieDts so far apart that allnrnau 
expansion and contraction will in time cause tbem to sag Jown, Eorm- 
iag a Lollow fmm wliich the water cannot be drawn off, ku tliat tlie 
pipe :> liltcly to burst tliei'u if the Louse should be left vacant in 
freezing weacbor. Tliti opposite fault, of alluwing tbu pipe to take 
an upward bend in any part of its course, is atill rooro to be avoided. 
Such a bend, whether acciduntal or uiaUe by ignorant intention, soon 
becomes filled with the air always carriud in bubbles through ihe 
water, forming an " air trap," which may stop the passage of water 
entirely unless relieved by opening thu pipe at the higheiit point of 
the curie. 

The number and couries of all the pipes should be minutely 
described in the specification. If, however, no details ure given, ai 
eometimtis happens, tlie auperintendent will have a little dilhculty in 
deciding upon the arrangement which be con require with justice both 
to the plumber and the owner. Much depends upon the custom of 
the locality, and something also upon the price for which the work is 
to be done. In Massachusetts or New York, for instance, under a mere 
agreement fur a " first-class job," lollh an adequate coniideraluin, the 
plumber would be expected, without special orders, to provide stop- 
cocks in convenient positions for shutting off both hot and cold water 
from any part of the house at pleasure, and draining the pipes; and 
in Massachusetts he should arrange a tunic in the roof, itself supplied 
by a rising main and ball-cock from the regular house service, to 
contain water for the copper batli-boiler below, and carry up an 
"eipansiou pipe" from the highest port of the hol-waler system to 
this tank, turning over the edge just above the water-line, so as to 
allow steam and froth to escape freely j an<l in any large city he 
would be expected to put separate traps under all fixtures, and pro- 
vide air-pipes to the same, iind to carry up such air-pipes, as well ai 
the soil-pipes, above the roof ; and finally, t^ fit up separate cisterns 
UTer each water-closet, for their exclusive supply, and place " safes " 
uf sheel'lead turned up around the edge under all plumbing fixtures 
above the first story, or over furnished rooms in the basement, with 
waste-pipes of their own, emptying over a sink or bath. 

In States which have statutes for tiic regulation of plumbing work, 
lbs provisions of the constituted authority must be taken, in the 
absence of specific details, as forming a part of the plumber's contract. 
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Id Now York aod elsewhere, however, it is cusloDiary to fit up bath- 
boilers without the tBDk in the upper utorj, rising oiata and expansion 
pipe, anJio tome imall couutrv towns the uM-fa^hioiicd pan waler- 
clotet, supplied without thu inlervention of *. service cistern by a 
T&lve with branch from the main pip<'< >■ BtiH used in the best 
ordinary pracliuc. 

In cases wIuTe a Rrst-rste job is clearly not intended, the superin- 
lendeat may still do much by aKentive study of the tuhject to Mcare, 
if not the best posEible arrangement, at least a safe and strong one. 
When the time comes for setting in jilacethe sinke^ baths, wash-bowli 
And water-closets, this ipccial knowledge will be still moj-c necessary, 
for without an adequate and constantly advancing ac'|uaiatani.-e with 
the improved apparatus continually placed upon the market, hu can 
neither criticise justly that which may appear to hhn valuable or the 
reTene in the construction or fitting up of new appliances, nor make 
■tiggestious to meet peculiar needs. 

Such knowledge must, however, be gained from technical books 
and journals; a general trentitie can do Uttle more than iudicaie a 
few main principles; as for instance, that irastv and supply pipes 
should, for any kind of apparatus, be large, to insure speedy filling 
and discharge, and the construction as simple as possible; that 
putty joints, rubber washers, and iuaccessibl« (toats, check-valves or 
other moving parts are to be avoided : and that Ibe ideal of every 
plumbing appliance would be a solid glaied stoneware basin, in one 
piece, supplied by a quick and copious flow of waltr through a large 
pipe, and discharged tlirough the shortest possible waste-pipe and 
ventilated trap, all connected with calked lead joints, into a thor- 
oughly aerated, purcelain^ined soil-pipe. 

At present tliia ideal is far from being fully realijied in any form 
of apparatus. The nearest appro^tch to it is perhaps the ordinary 
wash-bowl well fitted up, supplied throngh half-inch basin-cock?, and 
drained through l^inch pipe, with a l^ineh S-trap, ventilated by a 
pipe of equal calibre carried to a main air-pipe. In such an appa- 
ratus there is no cavity lo collect foulness; the supply h sufiicicntly 
copious to wash the sides of the basin by the force of its flow, and the 
calibre of the waste-pipe, including the trap, being uniform, the im- 
petus of the discharge through It is nowhere checked, so tiiat the 
friction of the swiftly passing water scours away the sljmo which 



SUPEKINTENDENCE. 



165 



lenda lo colloct upon tlie inner Burfnce of tbe pipes. Next lo llie 
wuli-basin coniea ihe pantry-sink, ar " disb-wasLer," which is barilly 
uior« (ban a large bnsia lined nilb tianed copper instead o( porcc- 
laiDiand diained tlirough tbeinmeaUeoF pipe and venlibleil S-trap. 
Tbe ventilatioo of these traps, as weU as of all similar ones, 
whether used under bowls, sinks, batlis, water-closets or otiier appa- 
rataa. although absolutulj' essential la tbeir security as 
ft seal, is not yet so unicersally demnnded by arebi- "•^JJUJlf" "' 
Iccls, or practised by plumbers, as it should be, Slany 
ud varied experiments with •;tasa and other traps b:xve concIosiTelf 
■hown that the effect of the discharge of a volume of water through 
those of the ordinary form, even when ventilated, is not, as appar- 
ently It would be, to leave a residue of liquid in tlie bend, standing 
nt the level of tbe bottom of the oullet-pipe (Fig. 133} but is ratlier, 
by tbe impetus given to the whole moving masp, to throw a consid- 
erable portion of the residuary water beyond the bend, a portion 
running off throu;|h the outlet into the drain, while the remainder 
■inks back into tbe trap, partially filling it. (Fig. 13G.) 
When the trap is unventllated it very frequently hap- 
pens tliat the column of water passing through it, and over [he outer 
bead, sets up a sipbon-llke action, the rising portion of the beml 
forming the short leg and the dis- 
charge-pipe the long leg of tlie 
(iphon. Wlien this happens, all 
thetraier in the trap is drawn over 
■fter tiie main stream, leaving it 
empty (Fig. 137), and of course 
destroying its efliuaey as a check 
Another r. 



it of foul 
kind of siphon action is produced 
in the same traps wlieni;ver ft con- 
dderable quantity 
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main waste being filled, or nearly »o, by the charge, is partially ox- 
hftaUed of air by the passage of the water through it, and unless the 
deSdency is supplied through ventilalion-pi-ies ihe external atmo 
■phen will force its way in through llie traps, pushing tiie se.tliog' 
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ovur tlio bonil, it is ni 
il siplionnge uf all kimU is prevuntcJ by 
ution pipes ntlacliec] to 
every trap nt llio uollol 
bend, and carried to 
Mime nain air-pipe. Il 
wu once usual to make 
lliese vcntilation-pipcs of 
(tnall calibre, but experi- 
Flt. US. etico liaa sliown tliat nir He, iST. 

puses so slowly through small tubes tliU nothing leas ihar. 1 j iiiehct 
1b now used for smnll traps and 2 inches far larger ones. 

It nothing but clear water passed through hou»e*np», the at'icncc 
oE plumbing nouUI be an easy matter, but it is not m; Kud vith 
the kitchen Eink eerious dilGcidlios begin to appear. 
Tlio supply, by means of two " bibb-cocks " fur liot 
and colli nator respectively, is simple enough, but tlio waste liquid 
from llie kitchen inevitably contains more or less fatty matter, gen- 
erally in a melted stale, and sunpendeil in small globules in the 
water, which during its passage through tliecold pipes is chilled, and 
the floating particles striking the metal walls are congealed, covering 
them witli a tallow-like coating, wliicli gradually tliickena from accre- 
tions of similar matter until tlie pipe or sipbon trap is noarly or 
wbolly choked, The coating is very hard, so Liiat no llusiiing, however 
vigorous, can do more than hasten tlie passage oF the li<iuid and re- 
move the inevitable congelation to a point fardier down the pipe, and 
theonly way to avoid certain ultimate stoppage at some (Hiint is to pro- 
ir catuh-basin on tlie line of ilischarge, 
wliich may retain tlie waste waters long enough to al- 
low the grease to congeal and separate, and shall al the same tim« 
b« large enough to contain a certain nccuinahilion of solid matter 
without obstructing tlie water-way, and in a jKisition where it can be 
readily reached an<l removed upun occasion. Years ago this was 
done hy jilacing at some distance beyond the trap of ihc sink, either 
in the cellar or out of doors, a " grease-trap," consisting of a small 
tivht brick cesspool, into which tlie waste-pipe from the sink emptied, 
while a second pipe, inHertoJ in the wall of the grease-trap with iU 
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mouth [nrned donnimrd (Fi;. 138), so as to prCTent tlie entrance oF 
flouting cakes oF fat, carried the overfloir lo the drain. This form 
of trap yraald often hold the accumulated grease of inanr months, 
but offensive decomposition was apt to appear in tlie accompan^-ing 
liijuid, and it is generally preferable to iliscaril in siicli a situation 
both the S-trftp ait<l tlie little cesspool, substituting n device irhich 
combines the advanta^a of both in ihe shape of a " round trap," 
ihown in section in Figure 139, aud provided with a large brass 
trap-wrew at tbo top, wliicit can be opened whenever necessary and 




the fattj coating removed in a few moments. The round traps com- 
monlj nied for sinks are of lead, six inches in diameter, with a4-iDch 
brass trap-screw inaerlcJ in the top. Until nearly filled with grease 
Uiej are not easily siphoned out, and for this reason it ia not cus- 
tomarj to provide them with air-pipes, but the advantages of ventil- 
ating all wastes are so great that no exception should be made in 
their favor. 

Wnsh-trays are usually drained through a round trap of the same 

rixe and construction in order to prevent any possi- „ _ 

, , ,.,.„.. Waah-Tmiw. 

ble stoppage of the pipes by soap, which will id time 
form a greasy coating upon them. One trap is enough for a set oF 
three or four trays. 

For the liltchen Hinks tKcnttdvca no perfect material has yet been 
introduced. Small ones are made of white earthenware, whicli is 
all that could be deaireil, but specimens up to 24" X *8", the average 
nn tor good houses, are liardly yet attempted, anil soapstone forms 
perliaps the beat substitute. Earthenware wasb-trays are howeve. 
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klreailv in use, and though tUcy are more cupcnjivo tlian wnipctoa* 
the forty or Rfly dollars of extra coat is more than repaid by thrir 
benaty and cleanlioeas. Iron links are much used and are made 
eitlier plain, galvanized, or enamelled ; tlie galvanising h^ng, per- 
haps, the mo^t durable finish. 

Bath-tubs can be had of enrlhennare, but at considerable addi- 
tional expense, the ordinuiy mnlerial Joeing tinned and planished 
copper of suitable thicknets. Fourteen ounces to the 
square fool is the wdght whith will generally be aied 
unless the upccificalions direet otherwise, but topper of this thick- 
ness will soon " cookie " and become uneven from dc expansion 
caused by hot irati^r Honing over il, and sixteeo-ounce metal is the 
lightest which is suitable for a lirst-ralc job. Some architects re- 
4]tiire eigh teen-ounce copper, which gives excellent results. I'he 
best manufacturers of baths stamp the weight of metal on each, so 
that there is no difHculty in discovering whether the contract has 
been complied with in this respect. 

Every bath should have its own ventilated S-trap, separate from 
all other fixtures. The old cusloni of running bath or basin wastes 
into waler-closet traps is obsolete among good plum!>ers. The sup- 
ply may be brought tlirougli plain bibb-cocks (Fig. UO), bath-bibbs 
(Fig. 141), or by means of varii 
forms of combinniioD-CDcks 
concealed valves. It is ijuite ci 
mon to arrange the cocks for hot ( 
Kod cold water behind the end of ' 
the tub, operating them by me 
"'■ '"■ of small handles above the cap- " ■•■ ■"■ 

iog. Inside the bath is a single small moulb-picco thraugli which 
the hot and I'old streams issue, mixeil, al the teinj>ernturc desired. 

Tlie supply, may be plaueil close to the bottom of the tub, so that 
it fills noiselessly, but in this case, unless tlie ordinary prcmiire 
is very considerable, a check-valve should be put in the cold iratcr 
inpply, or the opening of a cold-water cock in a basin or sink OR a 
story below may, if the main supply should happen to be cut off, 
draw water from (he bath. 

For sinks, wosh-trays, basins, baths, slopiioppers and similar app^ 
ratus, the supply of water is drawn from the jnpcs by means of 
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eoi^!i varying muuh in form and rlmpe, and Btill more in coDatriic- 
tion. As A rule, the particular variety to be employeJ 
i« mentioned io the apccification, bat cliere a 
arubltbcts, and many more builders, who are content to regard tlie 
whole scieuce o[ plumbing us a myiteTy beyonJ their comprehenaion, 
and either pass orar such details in silence, or specif/ the eheapest 
williout regard lo the conditioDi under which they are to be 

All the forms of coc let, however varied in appearance and use, 
belong lo one or tlie other of two great diviiioni, the " gronnd " or 
the *' compression " cocks. The ground-cocks operate hy means of 
a plug, nbicli in inserted into the bore of the pipe, and Is itself pierced 
with u bolu ii! nearly simitar size, so that when the plug is turned in 
■ucb a way as to bring the hole into ibe axis of the bore of the pipe, 
tbe water runs freely through it; but by turning it at an angle 
witli its previous direction the solid part of the plug is brought 
across llie wat«r-way and tlie (low cut oS, either partially or wholly, 
according to the length of the arc through nhich it is turned. Flg- 

nd 141 sliow two common 
forms o( ground-cocks, and Figures 
143. 143, and 14-1 explain the ac- 
tion of the pierced plug. Figure 140 
■bowing a horizontal section of tlie 
cock when open, fully Figure 143 
when partially closed, and Figure 
144 wlien wholly closed. Of course 
the efficiency of such a cock, frliich 
is exactly tlie same in principle as 
tlie key of an ordinary gas-Iixture, 
depends upon the accuracy with 
which the plug is ground i 
Mjat; and to provide for tightening 
it after the surfaces have become 
abraded by the friction of use. 
is customary lo taper the plug and *' 

to insert a set-screw in the bottom, acting upon a strong spring inter- 
posed between it and the main boily of iho faucet, so that a turn of 
this will draw the plug down further into its seat. 
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itli <:l<:un water, but many public ana 
pumps or other sourceg oE »upply deliver 



private veils, n 

water contaioing small pnrlidei of Baml, wbich are ilrnwa into 

Llie Faucets and get bctwcca the plug anil ii9 seal, where tliey soon 

cut small grooves wliieh allow water to pass around 

°'"cMw!,'°"' ^« P'^S " '^ *''°=''' «"'^ '•■« f»''*^«' '■'■'I™ !«"'»- 
tentl/, notwUliataniling tlie lightening of tbu set- 
screw. Such a leak canuot be remodieii, except by pulling in » 
Dew faucet, whiuh involves a considerable expense. This difficulty 
is obviated by employing the compression or screw-down coeiis, 
tbrough which the water flows in a devious course, pa«sing at one 
point tliruugh a slrong metallic diaphragm, pierced witli an opening 
of the ruiiuisite size, but capable of being closed by llie application 
of a pislun, armed with a leatber or rubber wasber, wUicb is brongbl 
down upon it by a screw operated by a cross-handle from llie out- 
aide. Tbcre are many varieties, some employing a lever instead of 
a screw, and closing with the How of water insteoil of against it, but 
the principle is the same in all : the current being controlled wholly 
by the movement of the soft washer, the grninsot sand which may be 
present can do no worse than lie on the top of the diaphragm, and 
indent themselves in the leather as it descends upon them, witliout 
Kflecting the metatliu portions of the cock in the least ; and when the 
irasher iii worn away, as it will lie in course of time, a fresh one can 
be inserted by any person in a few minutes. 

The only common form of ap|iaratU3 which remains to bo described 
is iho water-closet, of which many varieties are used. The worst 
of these in principle is the ordinary pan-closet 
(Fig. 146), in which a pan, ej arranged with valves 
and cistern or other supply as to be kept full of water when at rest, 
is held up by a counter-balance weight against the lower orifice of a 
stoneware basin. The pan. coimter-balnnce and otiier 
working parts are enclosed in an iron " eDntainer,"or 
" pot," above which the basin is set, while ilself discharges through 
a lead S-lrap into the main soil-pipe. Upon occasion the pan is tilted 
by pulling the handle beside the seat, as shown by the dotted lines, 
and throws its contents into the " pot," whence they find their way 
into the trap, and thence to the drain. The dashing of the soil and 
water a:;niDSt the rough inner surface of the cast-ir 
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toou tmenrs it nilh filth, whicb decomposei, evolving much foo. 
v&por, and although the 
wator-seal of the trap"" 
below prevents the gii»- 
eaof the sewer from ris- 
ing through tlie closet, 
the aame harder nerves 
to hold within ilio 
container the effluvium 
which proceeds from 
the matter adhering to 
Its walls till the uoclos- 
ing of the mouth of the 
basin above by the rais- 
bg of the liaodlc, and 
consequent tilling of 
the pan, allows it to 
escape upvrnrd, which 

whiff, familiar to every one. Besides this avenue of occasional exit 
K emaller one is always open, through the journal in which the pivot 
works which serves to tilt the pan. This might be made gas-tight, 
but in pricttco never is, and after the putty which is put around it 
OD first setting is broken away by the movement of the pivot a, con- 
tiousl leakage of effluvium takes place. Various devices have been 
emplojed to lessen this annoyance : the best clouts of tlie kind, in 
places where they are not yet superseded by very different appa- 
ratus, have the containers enamelled with smooth white porcelain, 
iriiici) is more easily washed by the (lushing water ; and others are 
fitted with ventilating tubes, to give a safii outlet to the air of the 
container; but the amcliomtion of the evil is only partial, and good 
plumbing work now admits no form of watowilosct which gives any 
lodgment for tilth, or opportunity for the generation of gns, on the 
house side of the trap, this, if ventilated as it should be, forming an 
effectual barrier against the return of any kind of vapor. 

One variety of improved closet which is now popular, and if well 
mada ia very good, substitutes for the bulky pan under the bowl a 
mall Talve, which fits tightly against the mouth of the bowl, and 
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liolJs ttie water in at the heigbt determineil by an overflow antil tlM 
lifting of the hantltd drops it, and ftllowB tbc contents of the bowl to 
escape into the trap. As in the case of die iian-oloa 
mast be arranged under the bowl, to give room fi>r 
the valve, but this is very scaaJl compared with the container of the 
pan-cloiot, ao that it ia well waslieil by the passage of the lBri;e body 
of water discharged from the bowl, nod its surface being ennnielled, 
little or nothing remains in it lo dccompoRe. Neverlhelest, it ia 
neceeaary for a first-claaa job to ventilate even tliit tmall rec«iver by 
a separate ativpipc. If this is done, not only is tlie vapor rising 
from a possible contamination of its walls prevented from issuing 
into the houre on the opening uf the valve, but that from the water 
of the trap below is withdrawn saftly. It is now usual, in closets of 
this kind, to make the bowl with a " flushing-rim," or 
olouM. P'orced pipe formed in the earthenware itself around 
the upper edge. The flushing water enters this and 
H carried entirely around the rim, descending on all sides and wa«ll> 
ing every portion of the bowl. 

This flushing-rim is nn us!;entia] requisite of a good closet. With- 
out it the best patterns fail to give perfect satisfaction, and with it a 
very simgile closet can bo kept Iborouglily clean. In fact, the prac- 
e of tiie Iicst architects is gradually inclining to the 
:: under all circumstances of a closet eonsitting 
merely of a well-made stoneware bowl or "hopper," with either * 
e trap made in one piece with it or a separate lead trap, bb 
s may decide, and furnished with a flushing-rim, with' 
out valves, pan, or moving parts of any kind. The supply is lo 
arranged as to deliver a considerable quantity of water witli a sud- 
den rush all around the rim, and the effect is not only to wash the 
bowl thoroughly at each discharge, but to urge the contents of the 
trap forward wiili sui^h force as to insure their passage into the «oil- 
pipe, leaving only clean water to form a seal. Without the sadden 
and copious downward supply, filth is sure to be left floating in the 
water of the trap, exposed to sight and smell, bo that hoppers shoald 
only be used where this can be insured. 

A fourth variety of closet should be mentioned. This is the 
plnngerKsIoset, of which tlie earliest form was the Jennings patent 
(Fig. H6), consisting in an earthenware bowl with side outlet and 
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Imp beoeatb ia ooe piecn with tlie bowl. The vratcr it retained in 
the Iwwl by a plunger, ua Bhown in tlie figure, filling against a rul»- 
b«r BCiillng. When tbe plunger is litled by tneana of 
Ihe liandle, the contents of the bowl flow oi^f beneath cioIKT 
it, into anil over the trap. The overflow in the origi- 
nal Jennings eloatt was arrangeil to take place through the plunger, 
which was made hollow fur the purpose, but effluvium from matters 
which might bo floating in the trap passed readily up through (he 
same avenue, and escaped into the room around the handle by wbtcb 
the plunger w 




Fl£. 14e. F<(. I4T. 

The supply was delivered through a delicate valve, which required 
to be adjusted to the pressure for each closet, and where this was 
variable, often allowed water at times to run to waste through the 
closet and the overflow. Both these defect* have been remcdieil in 
various ways. In llie Demarest pattern (Fig. 147). a small cialern 
i« attached to the Inwt, communicating with it, and a ball-cock in 
this affords a reliable means of shutting off the «upply when (lie 
basin is full. The overflow takes place through tbe plunger, whieh 
is consider ably larger than in llie Jennings apparatus, but is trapped 
in its passage 

All the cloHets of this description, as indeed of any other, require 
careful use, to prevent filth from lodging upon or about the plunger, 
where it dcconiposes, sending up faint odors around the handle. If 
this should liBpften, the cup can bo unscrewed and the plunger lifted 
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Connections. 



) be observed In setting closeta b tlie tecurlt/ 
The old-fashianed bovU have carlLeDW&re 
s " to receive Ilic supply, and tlie ouly joint pos- 
BJblo between ibese and the lead pipe is made with a 
Diasi of I>utty, tied with a rag ; but nil modern appnrntua has brass 
ferrules or couplings baked Into the earthenware burn, and a perma- 
nent soldered joint is easily made. In tlie saiao way, the connection 
between the outlet of tbo container, liopper, or trap, as the case may 
be, wbellier of iron or stooeware, and the lead pipe or trap beyond, 
ii still usually made by "flanging " the end of the lead pipe out on 
the floor, inserting tlio projecting mouth of the closet, screwing it 
down, througb Ibe lead, to the floor, and daubing the whole with 
putty; but Ibe very be«t apparatus is now provided with brass fer- 
rules at the outlet as well as at the inlet, securing a perfect joint. 
Where putty is Dccessarjly used Dl>out pliimbiDg work, it should be 
mixed with red lead, to preveut rata from eating it, or it will soon 
disappear. 

At the end of this Part will be found a plumber's specification, 
which will serve tn call sttenlion to certain points which need not 
here be mentioned. 

The plumber's work continues, simultaneously widi the other build' 
ing operations, nearly until the completion of the house, eo that in 
point of time tlie description of a considerable portion ot it belongs 
with work mentioned hereafter, but it is more convenient to gather 
together in one place whatever needs to be said upon the subject, and 
one more matter remains to bo explained before we dismiss it en- 
tirely from our minds. 

After the COD tract Is completed, and the connections made between 
tliu bdili-boiler and the water-front of the range or cooking-stove, 
the water should bo turned into ali the pipes, in order 
'"'^T^rt)''" '■"" ''npe'-fe<:' join's, or the holes frequently caused 
by the careless driving of nails, may be detected and 
remedied. At some subseijueDt time, when the traps have been Slled 
by use, the tigbincss of the drain-pipes should bo tested with oil of 
peppermint. The oil is sold expressly for the purpose, in 
vials, hermetically sealed by melting the glass together o 



BUILDINQ SUPERISTENDENCE. 



178 



mouth. A mun is sent up to tlia roof nith the rial of oil, and afler 
flopping up leiuporarilj' all vcDtiklion or air pipes coanectcd witli 
any part of llto •Irninage aysten), Le brealis oS clie top of the vial, 
anil pours die coulcnts Jowo iolo the soil-pipe, wliidi will ns a mitt- 
tiT of course in any modBrn house project almve the i-oof. A pifclier 
of hot water i* immediately IinDilcU up to him, and be poura ll>i* 
down after the pcppLTmint, and closes tlie mouth of tlie soil-pipe by 
Bluding in paper or rags. The pcpperiuint is volalilixed by tlie heat 
of llie water, And tho vapor, unable to cacapu, penetrates by diffu- 
sion every part of the systciu. Meanwhile, another man examines 
all the drain, soil, and waste pipes in the house, and if the operation 
has been properly conducted, the sli'-hleat odor of peppermlut in the 
building will be conclusive evidence of soiue defect, either in a joint 
or pi]>e, which must be at once remedied. It is important that tlio 
man who carrier and appliei the [wppermint ehould not be allowed 
to enter the house, as lie is sure ta carry with him some trace of the 
powerful scent, which will make the test useless. After tlie trial ii 
aver, tho pipes above the roof may he unclosed, and if no leak ha« 
been detected, the plumtung can be pronounced safe. Plumben 
often prufegs to apply this test, but do so in a manner wliicli mnkei 
the result unreliable. Unlesa the apertures of vent and soil pipes 
are closed, a circulation is very apt to exist between tlie u|iper por- 
tion of the soil-pipe and the nearest nir-plpe, which will, especially if 
no water is uced to help the diffusion of llie oil, carry off tlio frv 
grant vapor before it can penetrate int 
atmosphere which fills tlie lower portioi 

The fumes of burning sulphur are b< 
pcpiiermint vapor, but the nppllcatioa it 
result no more satisfactory. 

At or before tliis stage in 
put in, and the cellar lloor concreted, 
till a later period, when the kiln-dried finishinEs o. _ 
, . , . , , r Furnac*. 

ooors aro in place, tlieae are very apt to absorb damp- 
ness from the mass of wet cement in the basement, and lose liicir 
shape or their glossy surface. 

We have to deal witli a client wlio insists upon an ample supply 
of fresli air at all seasons, and have therefore advised him to select a 
furnace possessing as large a radiating surfacu as i>ossiblu, in order 
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(o Kcuro ihe deliver^' into liis rooms So cold ncalher of an abundBnt 
■upply of moderalely Harmed air; and id accordance irilli Uiia to- 
leatioo we have providi^d (or large liol-air pipes and reijiettn every- 
wbere. That this will involve greater cx[>eii!i^ both in Uie original 
cost of the apparatus and in consurnptioa of fuel, thaa wuuld be 
necuMary for obtaining tlie same amount of warmth by means of a 
■mailer volume uf holler air from a furnftue with less radiating Kur- 
foce, we have frankly toM hi[Q, but he is wise ODOUgh lo tliink tliat 
true economy lies in saurlficing something for Uie sake of the healUi 
and good Rpiriti which only fresh air can give. 

He is, indeed, so bent npon securing a perfectly pure atmosphere 
in his house in winter as to bo quite alarmed when we propose to bitD 
the purchase of a cast-iran apparatus, and reads to us extracts from 
tlie circulars of -various manufacturers of wraught'iroa furnaces, 
which, as he says, " prove " that carbonic acid, carbonic oxide, and 
otlier deleterious gases "pass freely through the pores of cast-iron," 
Kbd escape into Uie house. We assure him that this danger it 
greatly exaggerated, if not entirely imaginary ; while the large ra- 
diating surface, which is absolutely essential to the effect which be 
desires, can be had only in one or two costly forms of wrouglit-iron 
furnace, most of these consisting simply of a short cylinder of sheet 
metal, inverted over the Qre-pot, and prewnting a very limited, but 
very hot surface to the air flowing past it. As air can only be 
warmed by actual contact with a heated body, such a furnace, if aet 
in a large casing, with ample supply of lur, instead of warming tha 
whole to a moderate degree would heat a small portion intensely, 
leaving tlie remainder as cold as ever, and the registers would either 
deliver into the rooms alternate puffs of very hot and very cold air, 
or certain rooms only could be heated, at the expense of the others. 
To ho operated successfully, this sort of apparatus must be fitted 
with a $maU air-chamber, and small pipes and regis- 
£TB. Tlie casing of the air-chamber is then heated 
]y radiation from the dome of the furnace, close by, 
and the small volume of air which passes between the two aurfocei 
is tlioroughly and strongly warmed, aci^uiring thereby a powerful 
ascensive force, which throws it easily in any required direction 
through pipes of appropriate size, and heats the rooms above, not by 
introducing a full volume of warm air, but by means of a small cnr- 
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rent of very hot air; nliich diIxcs with tliat already in the nparl- 
mcnt, 80 as to raise Uie whole to the reigiiired temperature. 

Tu obtain an abunilant supply of mwlerately warm air, it is essen- 
tial, BE {urnaccB are no* eonairucted, to provide a large nii-chiiuiber, 
And distribiitti the smulce-Iubci aod other radiating 
surfaces in it in such a waj- ttiat the air cannot pass "^'Vurrac'^""* 
through without ttriking one or more of them. The 
uir issuing from such a furnace will all be warm, instead of partly 
cold and partly hot, as it would be without this division of the heating 
■urfocc; and the (quantity being greater, a much lower temperature 
Hill suffice to produce the same effect in warming the rooms ahove> 

Most cast-iron furnaces are designed with special reference to this 
end, which has been recognized lu desirable ever since heating apiut- 
ratufl flrst came into use; and many of them secure it tolerably weil. 
Unfortunately, the castings are sometimes defective, and the joints 
Are subject in several forms to separate or break by the effect of ex- 
pansion and contraction, with Ihe result of allowing srooke and ga< 
to escape and mingle with the fresh air iu the pipes. Wo have, how- 
ever, selected a pattern in wliich the castings appear on close exam- 
ination smooth and sound, and the joints, while occurring at the most 
favorable points, Are all put together with short sleeves, which allow 
of expansion and contraction without harm. Unlike most furnaces, 
which receive the air from the cold-air box a little above the kvol ot 
the ash reservoir, ours is inl«niled to stanil over a pit dug in the 
cellar lloor, into which die cold air is brought by an imdurgrouod 
conduit, (o circulale first beneath the pan of ashes before it ascends 
among the hotter surfaces above. Unless the ground below the cel- 
lar bottom is well drained, such subterranean conduits are liable to 
inllltrations of unwholesome moisture, and this point should be deter- 
mine<l before the choice of apparatus is made. The air trunk is 
made of brick, with brick bottom, plastered with cement, anil cov- 
ered with flag-sUmes. The pit into which it o|H)na is walled with 
brick ; the same wall being extended upward if tlie furnace is to be 
"brick-sel," or forming merely the foundation for the sliect-iroD 
casing if the " portable " variety is used. A brick piur in the cen- 
tre serves to support the heavy castings above. Into the further 
end of the brick trunk is cemented the cold-air box, of iron or wood, 
which brings air to the furnace from a window or other opening. 
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Tlie superinUnilcnt must iee that the coM-air box is not made too 
smnll. TUe obvious rulu Tor Uvturwiiiiiis tlie proper size is that it 

elioiild be capablu of t'onvrying into the furDactt- 
ColS^Aif Bo't '^'"'"''*'" ** """='' air as is to bo drawn out by me»na 

of Uiu registers; or, to put it ia aQoUicr hav, tlmt the 
capacilv of Ibu culd-air box should he equal to that of all the hot-air 
pipes nhicU will ever be ia use at oue time, less ooe-sixtli, which 
represents the gain in volume nliioh the air acquires by expangioa 
in passing llirough ihu furnace. In our present example, the regis- 
ters in tlie p:irlor, dining-room, hall, and staircase-hall are, lor tha 
sake of insuring an nbuDd.tut ventilation, supplied through virculftt 
tin pipes, twelve inches in iliauieler. Two chambers iu the second 
slory have ten-inuh pijHts, two have eight-inch, and tlie batli-room 
bag a six-inch supply. Tlie aggregate sectional area of these will 
be, expressed in s(|uaro feet, (1*4- 1'+ l»+ 1*-|- ({f)' + (jj)*^- 
(l)°+ (|)*+ (i)* X .7854 =5.13 square feet. Six-sevembs of S.13 
will be 4.8& Hfjuaro feet, and ibis will be tlie necessary minimum sec- 
tional area of the cold-air conduit to insure a supply of warm air at 
each of the nine registera, in case they are all open at once, as they 
should gI^nc^alIy be. If the cold-air box ia mnde smaller than this 
calculation would rc([uire, the flow of warm air at the registers will 
be feeble and uncertaia, or " wiredrawn," ur perhaps at some of 
tbem it may cease entirely, or even bo reversed by the ilraugbt o! 
the longer pi]ies, wbieli, unable to obtain through the contracted 
cold-air box the quantity wliich they require, draw down through the 
registers nearest the furnace an additional supply. 

Where so liberal a provision of fresh air is to be made, it is pai^ 
ticularly necessary to see that tbe outer opening of the supply-con- 

duit is not so situated us to be unfavorably acted upon 

by the wind, ll is usual to place tbe o[>eniug toward 
the north or west, as the coldest winds come from tboiie points, and 
while tbey blun tlie air is drawn through the furnace with greater 
rapidity tliiin usual, and if lire enough is kept up, tbe supply of 
warm air at tbe rcgialurs is correspondingly increased. There is, 
however, under these ciruumstances, some danger that a high wind 
may drive ihe air through the conduit so rapidly that it cannot stay 
long enough to get warmed on the passage, and blows out. from tha 
registers in a chilly stream ; and to guard against tills a slide-damper 
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[e usually iiisertDd, wlijcb cno be parllnlly closed to temper tba (orca 
of the incomiag blast; but if a ciiaa^a thea tnkes place in llie direc- 
tion ol the breeze, the furnnce is luft without ita needful supply of 
air. OccMiunally the iingle iulet proves to bo the source of still 
worse troubles. If, wLile it remains open, a violent wind should 
spring up from the quarter opposite to that tonard whit'h itfiuiea, 
the partial vacuum nlik-b alnaj's exi 
mtiy become so decided as to cause a 
toward it bjr the most direct chai 
through tliO registers, into 
tbeoce by lueans of the cold- 



the luu side of a building 
from within the bouse to flow 
el, which will bo downward 
he air-chamber of the furnace, and 
r box to the outside. B)- this revereal 
of the ordinary course, not only are the rooms deprived of heal, but 
■ drawn from them at a comparatively high temperature 
tensely hot in passing again over the radiating surfaces 
of the furnace, and may even, if the cold-air box is of wood, be the 
means of setting this on lire, and with it the house itself. This is a 
much more common accident than most jiersons imagine, and safety 
as well as comfort make it important to guard against the canses 
which may occasion it. 

The simplest way of preventing reversed currents in the cold-air 
bus is to give it (too openings to the outer air, as nearly as jxissiblfl 
opposite to each other; then, whatever may be the direction of tlie 
winil, the air cannot be drawn out of the furnace. It may, however, 
(till blow through the registers, and a sliU belter mode is to carry 
the cold-nir box entirely across Che building, at n little disinnco from 
tlie furnace, opening to the outside at each end, drawing from Ibis 
the supply to the furnace by means of a short, but suQlcienlly capa- 
eiou« pipe, opening into the main conduir, at right angles to it. 
Then the wind may blow nt will through tlie main trunk, without 
aSectlng the current in tbe short pipe, which will continue to draw 
at all times just the supply that tlie f urniice needs, and no more. 

Whether the cold-air box shall be mode of wood or metal is a 
question lo be decided according to the circumstances of each case. 
Galvanized iron has the great advantages of being 
impermeable, so ihaC no cellar air can be mixed with ooid-*ir°Boi. 
tiue pure current from out of doors or its passage 
through the furnace and the pipes, and of being lire-prooF, so that 
there will be no danger, however hard tlie wind mny blow, of having 



180 BtlUJJlNO SUPEUKl'KNDENCX. 

Uie building sec on Gre by an unexpet-ted bockdrftiigbt; but itisrerj 
exjiensive, anil those wLo wiali to secure its advantages must pay for 
them. Uq expkiniDg the matter to our client, we linil Lliat even bl» 
entbusianni for fresh air is a little damped at learaing iLat a galvan- 
Izeil'iroa air-box for his furnace would coit more Uian the fitniace 
ittelf, and be talccs the question under consideration for a few days ; 
but ac inspeclion of the wooden sir-boxes in the houses of hii 
friends shows tiiem to be full of crevices, sometinies liirge enough to 
admit the hand, and in all cases quite capable of allowing nn unlim- 
ited amount of cellar air and dust to be drawn into the furnace and 
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the rooms above, so that he fintdly declares in favor 
IS conduit at any cost. 

g of the cellar floor is generally done before the fur- 
o avoid sputtering the iron or bricliwark with mortar, 
but all air conduits, ash pits, and other work below 
the floor level should be completed, to avoid breaking 
into the concrete coating subsequently. The tliickness of the stratum 
should be determined by circumstances. On \ery soft soil four to six 
inches may be necessary to prevent settlement ami cracks, but under 
ordinary conditions it may with safely be madethi'ee inches thick. If 
leas tlian this the falling of heavy weiglits upon it, or long-continued 
movement ou it, may break it, and when once fractured it crumbles 
and deteriorates rapidly. Only the very bent fresh cement should be 
used, otherwise the concrete will be weak, and attrition will reduce 
It easily into dust. The proper [iro[«)rlion of ingredients is one 
sbovolful of cement to two of sand, first well mixed together, and 
then quickly stirred up with three shovelfuls of screened pebbles 
or broken stone, and iniraedialely spread upon the floor. The 
country masons, to whom a, cellar without water in it in spring 
would seem almost abnormal, generally give the concrete an in- 
clination to some point from which it can be drained away to tho 
outside, but we do not intend, and if our directions have been 
thoroughly enforced we need not fear, that any water will penetrate 
our wails, and no provision is therefore necessary for carrying it oS. 
r the furnace is set and the concreting finished, 
and while the plumber is completing his work, the 
joinery of the house will be going on. The first step is usually the 
setting of the door-frames, and the superintendent will need to 
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refreBk his memory in regard to tlio (pCL'iGeJ Ei/es aoil boights of 
tLe doors, and mensure ekcli frame as it 19 set, or risk fin<]ing, too 
Ute, that tranaposilioni of tha most sanoving kind have botn made 
in Ibem. The frumeg are also very ajjt to be sot out „,„_„„_. 



of tquare (Fig- 148). 

qneDtlj bevelled oS i 



Rf. 141. 



BO that the door mast be subse- 
I fit them, giving a bIovoqI/ appearaace to the 
vhole work. This ehould be provided against 
^^^^ by rigid leating with ifae try-square and plumb- 

I rale. Pockut-rules are sold at the hurdwnre 

I itoree, containing a level, and a folding ttcnX 

i blade, whioh can be adjusted >o as to furtu 

I nearly a right angle, and although their use- 
U fulness iTould be much increased if they were 

II H more accurately made, the young arcliitect ivill 
Hod them of service. In default of some such 

tool, tha diagonals of the frame may be measured nith a string, or 
a piece of wood : if they agree the frame is rectangular, though not 
necessarily plumb. 

The height, width, and rectangularicy of the frames once verllied, 
the giositbn of the rebates should be noted to make si 
doors will be hung on the side intended. It is usual to 
mark the swinging of the doors on the plans, but 
workmen rarely trouble tliemselvts to look at the 
drawings for information in regard to such matlers, nm 
too [ate to change them the dnora are very apt, eKpeclully in inferior 
roumfi, to bo found opening across stairs or passage-ways, agninst gm 
brackets, or in •owe other inconvenient manner. While I'onsidering 
this point the superinlenileut may make sure that the doors will be 
bung on the proper edge, as well as the right side of the partition, 
by marking the position of the hiuges on the frames in accordance 
with the plans, or iierhaps modifying these If circumstances render 
it advisable. 

Nextcomestlie application of the "standing finish," — architraves, 
wainscotinga, and bases. Modern moulded work is almost invariably 
cut with revolving knives, under which it is drawn iiy fluted cylinders, 
whose edges, in order to obtain a lirm grip of the atandlng Fin- 
piece, press M strongly against it as to cause slight '■''■ 
tratuverse indentations on the prominent portions, varvlng from 
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ft quarter to a third oF nn indi apart, nliich injure its appearance verj' 
teriouBly unlt^ss tlio marks are subsequently amootlied oS "ilh sanil- 
paper. For hart] wooil even tliia will not be enough, and the tiat 
furfaces sliouli] be dre.'seil with an ordinary plane to prevent tlie 
reappearance of tbo ridges after polishing. Sheatbing boarJs anil 
mill'Wrouglit itocic of ali kinds for good interior work should be 
smoatlied with the plane in the same way. This adds considerably 
to the expense, and theap contractors will shirk it if they can, but it 
should bo insisted upon. 

Anollitir way in whidi the inferior class of builders often try to 
gain some aiUantaga tor themselves is by "splicing" architrftva 
Bplicinc of mouldings (Fig. 149), out of short 
Mouldlnga. pieces. As the mouldings come from 
the mill in lengths of ten to fourteen feet, there is 
considerable wasla in c-Jtting unless some mode is 
provided for utilizing the short pieces, but the ap- 
pearance of a spliced architrave is so bad as to 
make it inadmissible in good work. Horizontal fin- 
ish, such as bases, wainscots, wooden cornices, and 
chair-rails, must, however, be spliced, and care will 
be oeceasary to see that the adjoining pieces are 
properly matched, and that the joints do not come 

The stairs will need constant attention to secure a satiefaciory 
result. Before any work is done upon them, the snperinlondent 
should examine the plans to make sure that none of the flights 
are too narrow or too steep, and that there is ample 
head-room where any passage is intended beneath 
them. The ilraughtsmen who prepare working plans from the 
architect's sketches sometimes fail to comprehend fully the structure 
which their drawings indicate, or forget to make the necessary allow- 
ance for thickness of floors, stair-timbers, and landing*. ^Vhere a 
passage-way or flight of stairs is planned under another flight, the 

„ ^ _ clear vertical lieight beneath the latter may be ascor- 

Hoaa-noomi .,, ., ,. . 

tamed by counting the number of risers to the point 
where the head-room is to bo calculated, multiplying this quantity 
by the height of each riser as found by dividing the total distance 
from floor to floor hy the whole number of risers, and subtracting 



Stairs. 
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: is often D 
»nry to reinforce tlie 
■tringers witb whole tim- 

bem," (Fig. 150), set 
parBllcl wLtli llicm, but 
at a, SDOicicnt distance 
below to clear tbe ii 
which will increase tlie total 
top oE tread and under side of 
plaster to lliirtj- incliea or more. It >bould be r 
it a person in descending a flight of stairs usually leans 
that the beajwny under a trimmer beam which appears 
ample where the vertical height alone is taken may prove insulHcient 




h l>elweea 



Inferior stairways often show defects oE planning, independeDt of 
miscalculations In reganl In liead-rc 




Fll- ISI. Fig. 193. 

rich stsira indicated as are shown in Figure 161, where n person 
descending in the dark might, with a single step, from S or X, fall 
three or four fccL The stair-huildcr would probably take upon him- 
leU the responslhility of chnngiug the flight from the " dog-Ieggcd " 
fonn ihown in Figure ISl to an "open newel, " (Fig. 152), adding a 
■quftre "step in the well" W, and putting two instead of three "wind- 
ers" in each turn, thus making the stairs comparatively safe and 
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coDvenient, thougL narrower llian tlie first plan iDtendbd; but il 
DDB&fe to depend upon liis tUouj^lilfuIntss to correct errnrs. Anotliar 
fault often seen in bock stairs ia the Qlling up ot iJie well on one floor i 
by a closet, wbilo the stairway 
below ia left open. (Fig. 153.) 
The point of the Hoor, P, is in 
this case apt to project over the 
stairs in dangerous proximity to 
the heads of those passing: np or 
down, and should be protected 
by shenlliing, at least on one 
side, down Lo the rail. 
Tlie steps should 
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it be too steep. For inferior stairs the risers 
ffliiy be S iaohes und the treads 9 inches, to which the nosing will 
dil 1^ inches more, making the whole width of the 
step lOj inclies; but tliis ehouM be regarded oa 
the limit. As the height of the risers is dimiaished. for superior 
staircases, the width of tread must be increased ; the best rule being 
that the product obtained by multiplying the measure in inches of riro 
and tread together should not bo less than 70, or more than 7JS, 
Seven and a half by ten inches is suitable for ordinary cases ; sercD 
by ten ami a Lnlf is unusually easy, and six by twelve gives an air 
of old-fashioned luxury to a staircase. Some ancient mansions p(M- 
■ess flights which rise only five or five und a half inches nt each step, 
but these are hardly comfortahlG to our unac(!ustami.>d feeL 

The greatest care should be taken to see that the staircase as exe- 
cuted will correspond with the plans, or, if mistakes in framing or 
miscalculations in regard to headway should havH rendered this 
impossible, that the difficulty ia remedied in the best way. It is a 
very common experience witli young architects to be obliged to modify 
their designs on this account, and their ingenuity, as well as the 
patience of the stair-builder, wilt often be severely taxed to extricate 
themselves with credit from an unexpected dilScuIty. The stair- 
bnilder himself is liable to errors, and liis work should be examined 
with particular care at the outset, in order, if necessary, to set him 
right before the progress of the building has made It difficult and 
expensive to remedy faults which would have been trifling if dis- 
covered earlier. 
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EvtQ in putting up llie rough "stringers" it is not uncommon to 
see mistakes made, whicli if paued over will spoil tlio eSect of the 
finished structure. 

Although many nrcbiteats mark the calculated height of the 

riien OD their staircase plans, it seldom bappeun tliat tlie actual 

and llieoretical 

floor lo floor 
agree exactly, and 
pole eliould, in pruc- 
always be cut to the 
njth on the spot, and 
thisiliviilcd into equal parts, cor- 
responding to the number of risers 
!(|uiru<i, Prom thin measure the notches 
in the strings can be set out witli accuracy. 
(Fig, 16i.) Williout such precaution, the 
strings may, on arrival at the buililing, lio fuuni) a 
tlio top-most Etep must be blocked 
rest in order to gain tliu floor 
(Fig. 165.) More fre- 
quently, the string irill be 
found to have been cut 




Fix. 194. 

fraction of an inch 

up to a greater height than the 




1 strings 
allowed to lean back- 
Fif. ISS. "FijTTser ward. (Kig. 156.) Such misfits 

should be sharply looked out for. and condemned immediately if de- 
tected. The cutting of a new Eel of strings is a small malter, while 
stairs of varying height, or out of level, arc dangerous as well as 
unsightly. 



IW BOILDWO S0PER1XTENDKNCE. 

SlHir4)uilderB and ciirpvnter* often conLent tliemiclve) wiln verj 
frail Bupports to tlicir work, especially on landings, nnd thi« point 
»houlJ receive careful attention. Atler all 19 ready fur the steps, tlie 
risers are Mxnelimes firrl put on, llie back edges of ^^^^^^^ 
tlie treads inHened into ^ooves cut (or litem in Uhs ^^P^^H 



J^ 



nd I lie nosings Cn ally- 
put in place (Fig. 157), and 
glued, securing t1ie whole to- 
gether. Generally, however, 
the risers and treads t.re put 
together, blocked and glued at 
the shop, and the step* brought 
complete to the building, ready 
for setting in place. In this 




case the nosings are not ploughed into the under side of the treadi^|l 
but are simply niiiled into the angle formed by the riser and the u 
ing. (Fig. 168.) 

IVliether the necessary connection between the steps tltomseWea 
shall be made by grooving lIic inner edge of tl>e tread into the firO* 
of the riser of the next step alxive, as shown in Figure 157, or by io- 
verling the process, and ploughing the lower edge of the rieer Into 
the top of the treaii below (Fig. 150). is a matler about which tho 
practice of stair-builders varias. Tiiosc who choose 
the latter mode justify their preference on tiie ground 
1 that by the shrinkage of the (it 
I tiers .ind fcltlement of the string 
tlie support may be taken iiway fro 
the inner edge of the tread, tliroi 
ing, if this is grooved into the rise 
whatever weight may come upon 
on the tongue, which is liable to '''»■ '*■ 

10), while by the other method the tread is free to 4 
follow its supporting timljer, the only result of the movement being I 
lUe partial drawing out of the tongue in the riser- (Fig, ISl,) 

In practice, however, the first system is preferable for stairs o 
which the traffic is as light as is usual in JwelUng-lionsos. When tfat' 1 
risers are tongued down into the treads, the tongue necessarily escapatJ 
the painting or other linisb, so that when it begins to draw out, • M 





split oS (Fig 
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fireftk of a tlifferent color ia exposed at the bottom of each, forming 
a very conspIeuonB defect. 

Tlie molJed "nosing" of the steps Bhould be formed ae indicated 
on llie leetional Bkelclics, the front of llio treul being rounder], and 
ploughed beneath for llie insertion of the upper edge of the riser. 
Ic "open string " stairi (Fig. 16!), where the level top of the tread 




appcsrn at the enU, the noting is conlinued scrotia it by means of a 
piece of wood moulded to the full shape, one end milering into the 
angle left for the purpose at the front corner of the tread, while the 
other " returns on itself " at a point vertically under the edge of the 
next riser. Before these pieces are finally put on, the dovetails at 
the edge of the (read, intended to hold the balusters, 
should be cut out, Tho balusters may then bo fitted "^^JJleJif 
in, and the nosing being nailed firmly in place holds 
all secure. The best stair-builders tack ilia pieces temporarily to- 
getlicr,So as to insure a perfect lit, before the final nailing. Guilders 
of Ihe poorest class sometimes dispense with the dovetailing of the 
balusters, and simply fasten them in place by a nail driven diagonally 
through the foot into the tread after the nosing is finished ; tliispves 
a weak as well as uneven balustriide, and should never be permitted. 
The Qpper ends of the balusters are almost always secured with nails 
to the band-rail, even in the best work. 
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ncl the inner eaiU of the slain, tAa 
les somewliat. ^Vlietlier it consisu 
is in many placca customary lo trace 
:t profile oF ilie stairs (Fig. IC3), in- 
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Witb regard to tlis finlali i 
practice of ciilTBront loealilics 
of a waiascot or a simple biuie 
upon the lower portion ilie e> 

eluding the nosings, and sink it to a ileptli of half a 
of cliiseU and gouges. Tliis " wall string " base or wainscot is lixed 
to the walls before tbe (tiiira are put uji, Knd the cods of tlid steps, 
as fast as put on, are " housed " into the grooves ready to reccire 
them. IF nicely doni!, this is a strong and handsome nodo of Rtting, 
hut tlie workmansliip must obviously be very careful and accurate. 
In New England a diScrent mode is ailopted, ralber easier in csecu- 
^on : for this, the treads and risers of the steps are grooved, before 
putting togotlier, about ^ of an inth from the inner end, and the 
base or lower member of the wainscot is roughly " ccrihod " to the 
profile of the upper surface of the «teps, and the loweredgo then cut 
away so as [o form a tongue. After the steps are all secured in place, 
the base is applied and driven home with a mallet. 

The proper terniiiialioa of the rail at the top of a staircase, where, 
being no longer continued upward, it must be carried across to atop 
against the wall, is a matter not always considered when tbe draw- 
ings and specifications are made. The best finish is obtained by 

placing a half-post against tbe wall ; but iF this is not 
in the contrai^t document,", a makeshift, 
consisting oF n round cast-iron plate, wilb a socket to receive tbe 
rail, and Krcwed to the wall, is likely to bo substituted for it. 

As soon as tbe treads and landings arc in place, the broken boarda 

of tbe under floor, and tbe places cut for tho plumbers 
Uppar Floors ^^^ gas-fitters sliDuld bu repaired, and the laying of 
the upper lloora may begin. Tliis is usually commenced in the top- 
most Ktory, in order tlint each floor, as completed and planed off, 

may be swept out and the rooms lockeil. For floors 

intended to be carpeted spruce forms the ordinary 
material north of New York. It is cheap, and has the advantage of 
being very free from knots an<l defects, so that a room laid with it 
looks clean and handsome. Tho adhesion of the annual rings is, 
however, very slight in spruce timber, and boards taken off the out- 
side of tbe log (Fig. IG4), which may be recognized by their grain 
or "figure," like Figure 160, are liable, after being dried by a 
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inter! furnace lieal, to iplinler up in ft moat annoying mantieri 
r if ihc rings do not separate, ilie boards ore likely to curl up 
(Fig. 166), forming ridges wbicli rapidly 
cut the carpets laid over lliem. Both the 
B'lufi'Cts will be avoided by chooaing spruce 
boards in nlilcU tlie figure consUts rather 
' of line parallel lines, indicating that the 
nuul rings are divided in a direction 
iirly parallel to tbe radius of the trunk 
' (U Fig. 164). Verywliite,_ ., 
■> ^ / / '■avllns Sprue*. 

clear [Hiards with no ap- 
parent figure are often cut from sapling 
trees, but are toft, and liable to exeessivu 
bbrinkage. lotheUiddle States pine is the favorite 
flooring tDalcriol. It is softer than spruce, and little 
liable to curl or splinter. Clear pine, however, is very costly, and 
tbe second ([uality, which is generally used, cont^ns 
■mall knots and streaks of " bine s)tp," to that a floor 
linithed with it is not quite so agreeable to the ej*e as one of good 






'te»aMg^miim»g>i^^ai»plplllB.lff'ffl 



The mode of laying tbe boards varies wiin tbe locality. The New 
England carpenters, having a difUcult material to deal with, have 
learned to treat it with great skill. Their upper doors of spruce, in 
the better ruoms, are usually epecilied lo be laid with 
boards not over tour inches wide. Attics may have •*•"?.'■ " " 
lix-inch boards, but wider ones than these are only 
permissible in closets and store-rooms. The boards, ' 
width, are "jointed," or planed on tlie edges until these are mods 
abiohitely straight and parallel, then stacked in the kiln ur "dry- 
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bouK*' until aII moisture la evaporated from them, And brought di- 
rectly from ilie i]ry*liouse to tlio building. Beginning at ona side of 
the room, they are, or should be, liiid in " courses," from end (o end 
of the room, brealcing joints as frequently as possible. Where all 
tliu boards arc of exactly tbo tame nidth. as should be the case in 
tiie best rooniB, :he joints may, and should bu, broken at every course, 
but as this involves some naste of «tock, it is usually necessary to 
sake "straight joints " through three or four courses, before the 
rarying nidihs of tlie boards on each side of the joint will add up 
■0 su equal sum, so as to admit of its being crossed by the next 
course. A straight joint of more than foi>r coursea ihould not bo 
allowed in rooms intended to be enrpeted, for fear of causing a 
fidgej and it ii hardly necessary to say that all lieading joints 
jbould come upon a beam. " Flooring clumps " are used to force 
«ach board closely up to the side of its neighbor, and it h usual to 
lack the boards at lirst with a few nails only, and after oil ure in 
place to line them with a chalked string, or straight-edge and pen- 
cil, over the centre of the beams below, driving the nails to com- 
plete the work on the lines so marked. 

Before laying the up[)er boarding, it is necessary in good houses 
lo ppread one, two, or three layers of felt over the under-boarding, 
in orditr to prevent air from passing through the joints, and also, by 
the interposition of a non-resonant material, to check 
the transmission of sound. Cane fibre makesa clean, 
dry materia], which will not harbor moths, but a coarse felt of wool- 
len rags is commonly used. Certain varieties are so prepared as lo 
be incombustible, and, especially if used in several thicknesses, may 
prove valuable in preventing the spread of fire from one story of a 
house to another. The felt paper made for the purpose From asbes- 
tos is the best of these, but is very expensive; the Phmuix paper. 



Felt DcarsnlnB- 



made in New York, costs but little 
tiets lire very effectually, which ca 
" fire-proof " sheathing papers. 

In the Aliddle Status, particularly where ordinary flours are lai< 



than ordinary felt, and re- 
be said of many socalled 



UUlLUUia SL-PEUlNTESBllNca. 

frkh a liT^lo UiicknesB of boarils. it U cuatomary i 
board* (J'ig- 187), as otUerwiae carrBQts of air wuulU cc 
tbrougli ibu joints from tlie spnce*) between the bcuiis ; 
BDil tbo inlliieaco of this habit, more tliaa any reul 
1 mode it customihry to luatcb aiso tlie 



match the 
oe up freely 



upper boarding of liuublo lloors, t 
ing o( spriwo lloors is, iiowever, 



rooms. Tlie uiatcU- 
o be recti tQincndtd, as iLe tliin 
edge of the grooved ride of 
thu boards (Fig. 168), is apt 
to curl up or *plit uti. Pina 
is better in this re spue t, but 
stays ID phice well enough 
for un upper floorln;^ without malubitig. 

Wberc hard woods are u»ed for flooring, matching is, on the con 
Irary, essential, since no nulls must appear on the lurface of such 
floors, and tbo only way of sDfuring thein to the beams is to drive 
the nails diagonally through the edges of the boards. 
This provess can, however, be applied only to 
•dgeoE eai<U board, slaee theotliur is applied Grmly against the side 
of theona which preceded it; and in order to hold the inner edge 
down, it is necessary to connect it with the outer ud<i;e of the preced- 
ing board, by inenns either of tongue and groo 
of some e<iiiivalent device. These Doors are 

fore laid in narrow strips, each with 
tlie tongue projectin|{ forward into 
the room, and the nall.t are driven 
diagonally into the ii[iper angle 
^''' "^' formed by the tongue and the edge 

of the board (Fig. IGO), securing this edge lirmiy ; and thu groove 
of the next strip is forced over thu tongue eo «ceiircd, so lu to retain 
in place its inner edge, while its outer edge, [iirnishcil with a tongue, 
is in its turn nailed. 

Pari|iietry work, such aa we are to have in one room, is generally 
made with uiiich mora care than ordinary flooring, and rei[uirGs 
■pecial machinery, so tJiat it is best to order it from a regular manu- 
facturer. In Borne sorts tlie pieces of hard vrood arc but half an inch 
thick, and are dovetailed and glued upon a backing of pine. The 
patleras ai'u put together in the factory, and sent out in sections 
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suae two Icct square, vliicli are oaileil iluwn like cingle boardAi 
Simpler liurd-RtxKl floors nmy be niadu nn<l jiiit down by tliQ 
G«rp«nter. Tlio oak floor of our ball, in acc-ordaocc wiili tlio wiib 
of llie ovrner, is put dowu in the Freocb 
prilb ihort pieces lUd at an 




Fl|. ITO. Fls-ITI. 

Kngle of 45° witb tbe beams, and at rigbt angles iril!li euh other- 
(Figs. I"0 and 171.) 

Figure 1 70 sfauws lUe mo*t common method, tlie edges of tbe piecM 
being mattbcd, but tbe beading joints plain. In Figure 1 71 tbe head- 
ing joints are lotigued and grooved by band as tbu piecus are laid, 
•o as to fit into tbe matching upon tbe edges. We choose ibe 
former mode, as tlie least expensive, and the easiest lo execute. All 
tbe other floors are simply laid witli narrow parallel strip.'i, !| inches 
wide in tlie best room, i inclies in tlie others. 

It is oC great importance that the under boarding, wbcro a hard- 
wood upper floor is to i>o bid over it, should be also of narrow strips, 
not exceeding four inches at most; if wider boards are used, each 
one of them will in abrinltlng gather up, so to speak, a cluster of the 
narrow hard-wood pieces above it, and draw them lightly together, 
and although the shrinkage of each hard- wood strip, if well 
seasoned, is very slight, the movement of the wi<)er board oom- 
presBos all tbe joints over it, so as to transfer tlie total shrinki^e to 
the joints immediately over its own edge. The mljuining wide board 
of tbo under flooring acts in the same way, but in the opposite 
direction, so that in a tew months every board Iwlow will lie ex- 
hibited by an inordinately wide separation between the hard-wood 
■trips ni>ove, the other joints remaining perfectly close. 
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1 be stock for upper flooring will neej cloao examination. Even 
with Vjiruce U is necessary to pee tbat wane/ pieces arc not smug- 
gkJ ia, unil i» look out for knots and >ap, while 
hard wood ia liable to other dufucW. Oak for floor- '^^U.' 
ing. unless under severe wear, and, indeed, for all 
kinds of finish, shonld Hiways be quartered, or " rift,'' as some 
say — tliat is, sawed with two cuts at rigbC-nngles with eotli other, 
and through the centre of the log, all subsequent cuts being as 
Dearly as possible on radial lines. 

As evury onu knows, oak is diBtinguisUed from all other woods by 
the " silver grain," or medullary rays, consisting of small bundles of 
Bbres, whtcb shoot out laterally frnm the centre of the trunk, pas- 
sing through the anniiul rings toward the bark. By quartering the 
.og, lliese fibres are divided nearly or quite in the diruttion of their 
course, and show on ibe surface of the boards ns 
fleoks or irregular silvery streaks, upon a ground of oak/" 

fine parallel lines, formed by the section of the ajinuul 
rings. If, on the contrary, ibe log is sawed into parnllel slices in 
tite ordinary manner, the middle slice will exhibit tlie silver-grain, as 
will also one or two on each side of it, Further from the centre the 
medullary rays will be divided almost transversely, appearing on 
ibe cut surfat^e as nearly iiu|>erueptible lines or dailies, while the 
section of tlio annual rings will grow broader an<l broader, ^bowing 
itwif, since Uie sap-tubos of oak are quite large, as a. coarse, rough 
figure, completely different in appearance from the delicate and 
silky silver-groin, and liable to a dingy discoloration from the en- 
trance of dust and dirt into the exposed pores. With some varie- 
ties, oak sawed in tbe ordinary way often appears " brapliy," or of a 
very coarse texture, with abort fibres which break away easily. 

Tbe manner in which the log is sawn eflfects also its disposition to 
warp and curl, which in badly cur oak is very strong. The inner 
portions of tbe tree are compressed and liardened by age, so tbat 
tliere is a gradual diminution of density toward the circumference, 
which is occupied by tbe soft and spongy sapwood. Tbe less 
compact substance naturally sbrinki more in drying tban that which 
is nenrer the interior of the log. but with boards whose surfaces 
follow the rndial lines the movements caused by dryness or damp 
&re all iu the plane of these surfaces, and although the board 
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varies in wiillli. it haa no temkncj to warp. Tbosc boards, on llie 
contrary, whifli are cut in iinus iiarallel witli llio (iinmuier oE llje log^ 
have otic surface wliicli looks towarti llic bai^k oF die tree, and llie 
otlivr lowanl ihti heart, and tliu HIireB on una alijo ore tliereEaro sUglil- 
)v sorter tliHn on the otiier, anil will shrink more, curling the piece 
outward with a force proportioned lo its tiiickncss. 

Bf keegiing constantly in mind these propvrtius of oak, which 
belong in some degree to nil kindu of timber, many annoying duCecIa 
in hard-wuod finish may be avoiilod. t'ollowio;r tUa mow principle, 
the Ueurgia-pine lluors for the inferior rooms should be specified of 
rift stock: that is, of boards cut like i guar tc red oak,DD 
"radial lines. I'heae may lie recognized by the figure, 
consisting of fine parallel lines, in place of the bruad mottlings pro- 
duced by a cut tangent to the annual rings. Ilard-pine boards 
of the Inltvr kind are wry liablu lo splinter, like spruce cut in a simi> 
lar way, and must lie rejected- Hard-pine lioarils containing large 
streaks of dark turpentine are also unlit for doors, the turpentine 
toon crumbling away. 

Ttiere are one or two points about the liard-wooU TtniGU other 
than the floors, which may be noted. Whilewood, or poplar, is not 
usually ranked among tlie hsril woods, although U is little infeiior in 
this respect to black walnut or butternut. It hits the ailvant^u over 
them of being clear, dry, and very uniform in texture. 1'lie nnnual 
rings are almost im percept ibli^, and tliu wood is littlu subject to any 
warping or cheeking. For large, solid piuAea posu and other 
beary out-door work, it is superior to any other material, and inside 
finish made of it is usually dural>le and saiisfaviory. It lias the peculier 
property of swelling considerably in damp weather, even wliun per- 
fectly seasoned, to rt^treat again to its original dimensions under the 
influence <if furnacc-henteil airj so that doors niaile of it should not 
be too tightly fitted. In selecting the pieces care should be taken to 
ezelude those xtreaked with white sap. The rest of the wood dark- 
ens very much after finishing, while the sappy streaks remain white, 
anil soon, by contrast, appear as disfigurements. Black sap, which 
also occurs, is not generally looked upon as objectionable, but il formi 
too strong a figure to be admitted in delicately-moulded work. 

Hard- wood doors, except those of white wood, are usually veneered 
upon a core of well-seasoned pine, to prevent warping, and it it 
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i Itieiii upun delivery, to see tbat ttie vuncert 
are of lUu prD[»!r (Iiii:kouBs. 'I'luiae wliUU cover tlie 
panels muy be i iuvli ; over tbe f rariiinJ they ahoula "d'JSJIT* 
be B)MM:iGed ^ incli, altliougli the tiaal |ilaiiiog whlvli 
auvli doon undergo geaurall/ roduras this tLiuknuss somewhat. 

There are inaurnurablu points nbout tlie liaiibiag of a dwelling- 
bouse which, though trifling in tliemaelvea, count for a great deal in 
the impression whieh the completeil structure will pro- 
duce upuQ Cli9 owner and Ills friends, and the aruhi- in»S^'ion». 
tecl or Buperinteudent vrill do well to go thoroughly 
tnd repeatedly over the building during tbe fiuishing, and make 
■lire that every viaible detail is saUsfactory before tbe coutractor 

First among the points to be examined is the hanging of the win- 
dows. The saslms vary ouQsiderably in weight, and 
unless each one is auuurately balanced, which lakes j^^^^ °' 
both time and care, the aaab will nut «ti>y in place. 
The sash-Casts may also be badly set, so that they will not lock, auij 
nothing short of an sctuul trial of each aaph of every 
window will serve to make sure tliat all are as ihey 
should be. Door locks and knobs are iiIm> very carelessly npplieil, 
knd there are few houses where all of thein work perfectly. Tha 
Striking-plate, particularly, is apt to bu act loo higli, or too low, or 
loo far into the rebate, so that either the latch or the bolt will not 
enter tbe mortise intended fur 

;,hll. lb. ■•,.«,■■ .,rr™„a ,„fX'». 
,..ates, screwed upon the oppo- 
Haf -^-^ . j,j. site sides of the door, in which the stems of 
^l-^^^^^'^HP-IJ H the knobs move, are rarely placed exactly op- 
[losite each other, so that the spindle, instead 
of being perpendicular to the door, is forced 
into nn oblique direction, causing the knobs 
to bind and stick in turning (Fig. 172). The 
Fif, 172. knobs, again, are generally put on williout in- 

serting the proper number of the thin washers which slip over the 
spindle for the purpose of fiUing out the space between (he lock and 
the knobs on each aide, and the latter are left loose In consequence, 
■liding in and out with the touch of the hand in an annoying way. 
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Maiiy architdcu call in Uieir speclGcaCioDs for " swivel Bpiadlat," 

with wliicU Uie turoiitg of the knob on one lide of the door doei 

not sfFecC thai on the other side; but exu<9|it for 

Ipindias. '■^oie front doora vrliiub have an arrangement for 

locking the outside knob Bopamtely, the swivel ii 

hardly aeeeaaaiy. 

Chair-rails, picture-tnouldinga, wooden corniees, and other finish 
of the saiue kind will often be appliud with the utmost carclesioeu. 
Nothing is more common than to see such horizoo- 
tal mouldings varying very much from their correct 
position, Ibo workman having put thom on by what ha would haTe 
allied "his eye," instead of ineasuring at short intervals the proper 
diitaocB from the floor or ceiling. 

The young architect or super! a ten dent should train himself to 

quick observation of all these points. Any defecti 

*0«'tiwfc' *™ ""■« W ^ discovered sooner or later by tliu owner, 

to the discredit of the one whose businoes it was to 

look out for and correct them at the proper season. 

The cliaracter of the hardware nbout a building is also of much 
importance. The variety of pnltorna and qualities of locks, knob*, 
pulls, bolts, books, hinges, sash-fasts, and so on, is m 
great that nothing but a thorough familiarity with ttw 
different kinds, and a minutely detailed spcciGcation, will protect 
the architect or superintendent from being occasionally compelled to 
accept fittings which he does not like, but which the indednite char- 
acter of the speciScAtion precludes him from rejecting as not is 
accordance with the contract. 

The locks form a very important part of a building. Those used 
in good houses are generally mortise locks, inserted into a mortim 
cut in the edge of the door. The centre of the knob 
should be exactly three feet above llie finished floor, 
and the mortise for the lock, in inside doors, will extend one inch 
above and three inches below this point. For outside doors, tha 
mortise is generally six inches high — two inchel 
Proper Poai- ^\yfy^ aj,j four incliea below the centre of the lniob> 
In designmg the doors, the panelling should be so 
Uid out that the lock-mortise will come beside a panel, and not oppo- 
lilt) a rail of the framing; as, in the latter case, the mortise will cut 
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off tUo tenon of the rail, weakening tiie door very badlj-. For 
mutt of Bttenlioa to thia poiaC, young architects of- 
ten find that doore, in whoso eleEanlly-proportioned "angam^nt 
pkneli they tMe tho greatest priilii, tiave to bo Gtted 
with lisndles set eilher at an immoJcrale lieighc from the lloor, or 
ridiculously loir, to avoid maliiog them att^igether unserviceable- 
This is particularly likuly to bo tho caie tn copying 
doors of iJie last cuntury, eitlier out of boolts or from <**'*"'■' 
Mtual examples. These show invariahly at the level 
of the knob a wide rail instead of a panel, but it must be n^mem- 
bered that mortise loeks were nut in use tkeo, their place bciiig sup- 
plied by rim locks, in wUicli tlie working parts were enclosed in an 
iron or braes box, surowvd to tho outside of the door, a small hole 
only being bored tlirough the door for the spindle oF the knobs. Of 
course, the tenon not being in tliis caiu interfered with, there was 
BO reason why the lock should not bo Burewcd on next the rail, and 
aa many of the ancient rim locks, or lbs bichcs whii'h were subst't- 
tnted for them in inlurior rooms, were lunger than tlie width of the 
"style" al the edge of the door, it was an advantage to plnc<4 it 
where it could extend back upon the framing. Occasionally, a mod- 
em version of the Colonial doors is seen witli a mortise lock set op> 
posit« a very wide lock-rail; but this must bo done by framing the 
latter with two tenons, far enough apart to give room for the mortise 
between them, — an arrnngement not to be recommended. 

For cloeet doors, a mortise latch is sometimes used, with either 
ODQ or two knobs, but no lock or key. The case for this is only 
•bout 2} inches high, but such furnishings are onh 
■uitahlu for inferior bouses, a l-IomI which cannot b 
locked being as inconvenient as a door witli a knob on 
oolyone side is mean in appearance. The hand-made locks arc far 
luperiov to those made by macliinery, and also much more costly ; 
but some of the machine-made kinds »crve well enough for ordinary 
purposes. Any good contractor or hardware dealer can furnish the 
names of tho most reliable manufacturers, and the safest course for 
(be young architect is to rccguire a first-class make by name in his 
■pecidcations. The inanutacturcra' catalogues will furnish him with 
all nctwBsary information as to styles, and he sbould call for exactly 
what he wants so clearly that there may be no mistake as to fail 
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intention, finnlly oaturing biniBeK byinapeciioa tliitt the contract haf 
been carried out. 

Ro-versible loclcs should be chosen, unles* the architect is willing 

to see a Joor liere anil there liung on the wrong side to accommodate 

some carpenter who has selected Iiii locks at random 

"nckfc" ""<■ '■"'1' 'limself "'"ort of the proper kinil; and the 
character of the keyi should be specilied, or lie may 
find a set o( locks o( tolerably good appearance accompanied by 
iron keys, tinned or gnlvanited. For the inside 
B of ordinary houses a mortise look of I*. St F. 
Corliin's make, for instance, with brass face and slriking-plale, bran 
bolts and German silver or jilated keys, does well enoagh. For tba 
best rooms a " fancy " face, tormeil by grinding the brass in curling 
[orms, may be useil; or some expCDSe may be saved by allowing Iha 
bolts ij^ be of iron instead of brass. A cheaper lock still has an 
iron face, lacquered to imitate brass, but there is no real economy in 
using it. 

It is hardly necessary to say that locks for interior doors are 
usually of ibe simplest construction, the wards of the key merely 
Bttin^ stationary projections inside tiie box, which give no security 
■gainst opening by a siteleton key or a piece of stout wire ; but ii it 
not required in such envies to provide against the operations of pro- 
fessional burglars. These loi^ks are commonly used in »ets of twelve, 
tlie twelve keys differing from each oilier, but the complete sets being 
exactly alike, so that iu a house with twenty-four doors there will b« 
two keys of eauh pattern, which may, however, be distinguished by 
$. difference in the finish, one set l>eing bronzed and the other plued, 
for instance. For outside doors, which must occasionally be left 
without tliu SBOurity of holts, "lever" or "lumbier" locks an 

kfl.^k tl-.il in 



needed, la which tlie interior construction is far more complex, and 
^^ the security, as well as the cost, correspond ingly 
greater. Many varieties of these locks are mades 
with and without night-latches, and inspection will furnisli the beat 
guide as to the arrangement desired. Some front-door locks are m 
arranged that the outside knob is permanently lixe<l, but the better 
ones are furnielied with a movement by which it can be held lirm, or 
released If it is desired to allow the door to be opened directly froa 
the outside, withoat a key. Locks of either kind, of the oomnai 
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Fonstrnction, are somewhat liablu to liavu llie latch become »li>w in 
working, to that a thkrp bang is neceaaary U> cloao ihe door. Agu 
incro««es tliU fault, wliicli is only partially ciireil by oiling, and a 
iDurB satiHfnctury svrvicu can be bad from tliu paU'nl 
locks, in wbicli lliu lalcli i* in two or three parl», one, i.(,tch«». 
which projects in front, turning on a pivot as it is 
ilrAwn i^ainst the striking pUte, and by the same motion drawing 
bitct the others, so that when the whole reaches its place, it slips out 
into its mortise withont any friction of importance. Robinson's pat- 
ent is tlie lock of this kind luoat used, but similar ones are perhaps 
made by other t>artics. 

Care should be takon, if locks and knobs are procured from dif- 
ferent makers, as will generally be the case, to have the hole for the 
■pindle correspond with the actual size, ftlost locks 
ran l>e had fitted to cither } or ^ inch spindles ; and 
although ^inch is the size commonly used, there arc many ailvan- 
tages in having the knobs mounted on | spindles, with or without 
swivels. What sliall ba the mslerial of the knobs must tiepcnil upon 
circumstances. Brass, bronze, cast-iron, hard rubber, glass, porce- 
lain, eelluloij, wood, ami various compositions of saw- 
dust and glue, dried blood, glazed earthenware and 
other substances are used. Among these, dark bronze metal of good 
quality is the most salinfactory. The light broni^e, even when goo<1, 
is apt to tarnish in rooms not ronch used, and the soft, inferior 
bronze 'wears to s dirty yellow color wliieli is very unpleuaant. 
Moreover, there is in bronze hardware a much greater variety of 
patterns than in any otlier kind, and kaob?, hinges, bolts, chain- 
bolts, si id in g-door pulli', sash-fasts and other furnishings can he so 
■elected as to match in color and general appearance throughout the 
building. There is however much difference in the execution and 
Snish of the castings, and it is unsafe to trust to the drawings in the 
catalogues of unknown makers withont seeing samples of the work. 

Polished brass furniture, where it is fashionable, is very costly, 
knd rc(|uirea continual allcntion to keep it bright. Silver-plated 
brass knobs soon lose their coatini;, and are becoming obsolete. 
Cast-iron is used for door-knobs only in a miserable imitation of 
bronze or brass. Hard rubber and celhdoid make durable and 
pretty ftuDitore (or in-doors, but do not beitr weathering well 
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Glssa is 1 good material, and can be liad in great v»rieiy : tlie old- 
fasliioDud cut octagonal knuba Mre Uie liandsometit, but i\xose pressed 
in VHrious forms nre icrvit'eable. Tlie blown-glass knobs, silTcreil 
insidis are fragile unless o( very good make. Porcelain and tbe 
vitrified mnlcri»la known aa "mineral" and " lava" with *'heina- 
eite " and some similar substances, nre used for inferior rooms. 
Knobs of wood or its imitations are soraewlmt liable lo become 
■tick/ from [lie softening nf tlia varnisb upon tliem> Wbalevcr tbe 
kind iiKpd. the specilication should not omit to men- 
tion a bell-pull for tlie front door lo match the di>sign 
of the other furniture; itnd should keep in mind also tlie sunk pulls 
for sliding doors, if there aro any such. 

Bolts are necessary for all doors which need to be rendered toler- 
ably secure agaiust intrusion, and afford more protection llian any 
lock. The neatest and most convenient are the Ives 
patent mortiec bolts, which are set into a small auger- 
hole bored in (lie edge of tbe door, and show only a small ki?y out- 
Uutside doors are frequently guarded by a 
i-bolt, consisting of a strong ornamcolal chain, 
attached to the frame, or one leaf of a double door, which can be 
hooked into a slotted plate on tlie movable part of the door, and will 
allow tbe door to be unlocked and opened three or four inches, far 
coDvergation with a person outside, but prevents it from opening 
further until unbooked. Tiiis effectually resists the attempts of 
tramps lo force their way past a servant into the house as soon as 
tbe door is unlocked, but as it can easily be dislodged from the out- 
side by a wire, it should be used in addition to, and not as a substi- 
tale for, the ordinary bolt. 

Sosh-fasts of tbe onlinary kind are tlie least effectual of all do- 
mestic defences against the operations of burglars. By introducing 
the blade of a knife between the upper and lower 
sashes from ihe outside the lever can be easily pushed 
back and the wimlow opened, and this is in fact the common mode 
of entrance for thieves. Of Into years the necessity for preventing 
the movement of the lever from the outside has become so obvtona 
that several devices, more or less perfect, are now in use for the 
purpose. The earliest form, still much used, has a spring catch with 
■ thumb-piece attached to the inner plate, which, as the lever is 
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■witng Hrouml, U firct pusLed back anil then gprlogs 
IB place unlil it is ii^iiin pushud baulc by tlie ttiurnb. Tbis ia coa- 
renioDt, and reasonably secure, but after soma yean' irear iLc catuli 
beuomea rounded by friction, and tlie lever ma/ someliiues be forced 
back over it frotn iha outside by a strong preasiure. An imprave- 
ment on this is a self-locking aash-fast introduced by Hoplilna* 
Hopkins & Dickinson of Now York, in wliicli llio Dickin»on'« 
lever ituclf is hollow, and contains a spiral sprins, •"••>■'"■»■ 
acting upon a pin wbicti moves within the lever and has a knob- 
ahaped head projecting at the oml- In locking the window, as coon 
aj [lie kvcr is turned to its place, the interior pin springs into a hole 
made for it in the pivot, preventing any bock movement until the pia 
i* withdrawn by pulling on the knob. This sasli-fast ii still very 
popular, but is closely tollowod by a simpler and stronger device, the 
Morris gash-lock, in which the tlmmb-plece of the M^rfia Saali- 
lever is movable, and on being turned to its place raat. 
drops down into a notch made to receive it in the circumference of* 
the plate which carries it. To open the lock from the inside noth- 
ing is necessary b;it to lift the thumb-pieco from its notch and turn 
back the lever by a single motion; but to open it from the outside 
is impossible. Various styles ot all aasli-fasts are made, to corre- 
spond with bronze, silvered, or the cheaper kind of metal furnlttire. 
Hinges form the only other article of imporlance in the hardware 
dealer's order. Solid bronze metal, polished brass, 
■ilver plate, " Boston finisli," — a brown Incquer over 
Iron, resembling bronze, — black japanned iron, either plain, or with 
silver or bronze tips, and plain iron, are at the '^""'----^ -, ,-t, 
mand of the architect. It solid bronze, brass, or 
silver plate arc used, only the best quality, with steel bushings and 
steel washers shoulil bo used; u the softer metal wears out rapidly 
from the movement of the door. Iron, cither japanned or Uoston 
finish, for hard-wooil doors, with tips eitlier of the same or of solid 
bronce or plstcil, and plain for doors intended to be painted, forms 
on the whole the best material for ordinary dwelling-houses. Most 
houses are now fitted with " loose-joint " butts, which 
allow the door, after opening, to be lifted ofl and 
placed without unscrewing the hinge. With heavy 
ioon, however, there is danger of bending the projecting pin of the 
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1, and it U beUer to require " loose pin ' 



liinge auring tbia opcralii 

butts, Id wbich i 
'■^JU^'" tlie top an>l the door removed and replttceJ, witL u 

much ea»e as in the other case, and greater Bafety. 
7oang aroliitects occasionaliy forget to proportion tlio tite of tlie 
butt! to the circumstances oE their door-frameB and arcliitraves, and 

Gml, loo liitc, tliat the doors of tiieir best rooms cao- 
*'~q1i'i "d!** ""'■ ^ '"""S '"wk to tbe wnll. Where the openings 

are linisliud with unusually tUicIc mouldings, GoUue 
beads, or pilasters, lliu proper way ii to make a horizontal section 
of the door, with its frame and linisli. including bases or plinth 
blocks, and capitals, if there are any ; then add tlic extreme projuo 
tion of the trim from the plane of the door, to twice tlio thickness of 
the door, and deduct bnlf nn inch from the sum ; the remainder will 
be tlio minimum width of butt which will hang the door «c<.'urel)' 
and throw it clear of the moulilingB. It the result does not corre- 
Jpond with a regular size of liin^, the nearest size larger should be 
•peciliod. Butts are made of several widths to the same height, aa 
4" X i", i." X 4^", 4" X 9", 4" X 6", and so on ; the dimensions being 
those of the Iiingo when opened flat. 

For the remaining small items, as coatrhooks, drawer-pulls, and the 
like, all that is necessary is to describe clearly in the spocili cation 
9 wnnted. In certain cases drawer-pulls must 

l>e of fancy styles, but fur closets japanned iron is 
mutih the best material, tmii tho simpler and smoother the pattern 
the better. Architects and builders often go to a small unnecessary 
expense in putting fancy cast-broaze or Boston finished pulls on 
their cases of drawers, which serve only to bruise and excoriato 
the Angers of those who handle them; and fit up rows of roughly- 
finished bronze mr.ta! hooks, whose edges quickly cut the material 
of clothes suspended from them, while tho artistic knobs and cupvei 
with which they are adorned always prevent them from being ai Mr- ' 
viceable as the plain, strong triple book of japanneil cnst-iron. 

It Is important that the youn^ arcliitect should inform hims^ U- 
to the character and comparative cost of the various kinds of wb- 

tallic house-furnishings, and describe distinctly whu 

he requires in tlie specification, without resorting to 
the slovenly practice of specifying that the different articles shall 
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cost a certain sura per dozen, or per ael, or per gross. Tiic Actual 
expeuee of bucU gooda to the contractor is a very differcDt thing 
from Ihe coat aa set doirn in the price-llstit, and to npeciFy articles of 
a given price, instoocl of a given kind, is uiunlly to oblige the ownar 
to pay a large profit on goods nliicli lie might have obtained for the 
net value if they bod been distinctly described. 

If the nrcUitcct hos been wise enougli to demand speoifie articles 
of Imrdivare from manufacturers of good repntLition, tbo duty of the 
superintendent vill require little more of liim than 
to see that the order is correctly filled, and lliat '"WCtlon of 
the fittings are properly pot on. If, however, the 
spcclHcation is one of tbo kind that vaguely stipoiates llint puuh 
materials sball be "good," or "ncnl,"or '"wortli two dollars per 
dozen," bo must prepare liimsclf for a rigid inspection of the goods 
furnished in accordance with it. The bronze hardware of all kinds 
may prove to be of soft yellow metal, with a thin bron/e finish over 
it, or even o( iron skilfully lacquered or bronzed ; tbo brass faces of 
locks ami bolts may bo fictitious, consisting of iron, varnislicd witb 
yellow lacquer, or brans-plated i the silvcred-glass knobs may be of 
a substance so thin, or so carelessly blown, as to crush in an incau- 
tious band, inflicting frightful wounds; or any kind may be so feebly 
tecurcd to the metal shank as to come off altogether upon o 
or the hinges may be destitute of washers, and will soon ci 
fully. The casoa of cheap mortise locks arcotien made, lo • 
material, so abort as to bring tbo knob within an inch of the edge 
of the door, so that the hand is scraped against the rebate of the 
frame whenever tlio door is shut ; or sometimes tbo width as well as 
tbe length of the cafie is reduced, and the knuckles come into painful 
contact with the key on turning the knob; while occasionally a lock 
is seen wliicb allows the door to bo opened by turning the knob one 
way only, instead of both ways. Tbe screws furnished for putting 
on cheap hardware are also generally too small, so that the fixtures 
are insecurely fastened; and tbo worst workmen will increase this 
fault by their fashion of applying them, wliich consists in driving 
the screw nearly homo with a heavy blow of the hammer, finishing 
with a turn or two of the pcrew-driver. Such men also generally 
•how an exasperating indifference to the appearance of their own 
or other's work, putting on bronze metal or japanned fittings with 
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plain iroQ (crcnrg, initeail of blued Iron or bronze, and using tkem o( 
(liSurcDt sizes, or several sizea too Inrgc, if necessary to (ave tbeni' 
telves the trouble of going after suitable ones; ecreving liinges, 
bolts, or plates at random on reneored doors, and if tliey fail to fit, 
removiag tliem and screwing tliem on again somewhere else, leaving 
two or llireo sets of acrow-lioles yawning in tbo polishoJ surface of 
tbe wood, or in a hundred othsr stupid and blundering ways defac- 
ing the building which they help, after their fashion, to completei 
Continual vigilance is needed tc discover and correct such faults, 
and the superintendent of a house which on delivery to its owner 
proves to have all its hardnaru perfect, well pnt on, and in good 
working order, lias at least some qualities which particularly fit liim 
for his profession. 

While the joiners' work is going on inside the boose, the opera- 
tions of drainage, grading and sodding outside should bo com< 

plei^d, so that the dust incident lo theni may be laid 
■*™'™«» ■'"' before the 6nal painting. 

Unless, as will rarely be the case in the country, 
drainage by regular sewers is provided, the Tirst of the outside oper- 
ations should be tbe selection of a site (or, and the construction of, a 

cesspool of some kind. Uaiially the position of this ii 

marked approximately on the plans, or indicated id 
the specificalion, which is necessary in order lo lay out the plurol^ ^ 
ing intelligently; but circumstances will oflon modify greatly tbo 
character of tbe construction as eiecuCcd. For most houses, tha 
ancient leaching cesspool or "dry well" is still adopted, as the 
cheapest means for dl.tposing of house-wastes, but the architect 
should examine all the conditions with great care before lending big 
authority to this expedient. If the house Is supplied with water 
from a town or city service, or from springs higher than the build- 
ing and at a considerable distance, and if the lot on which il stands 
is so large that the inevitable poisoning of the ground by tbe soak- . 
a^ of putrefying filth will not affect its iumatca or their neighbors^ 

the leaching cesspool may be regarded, in view of tlw 
tlon'o^WeM^ greater cost and trouble of other devices, as an evil to 

be tolerated so long as the favorable circumstances con* 
tinuc. If, however, water is to be drawn for use, cither in the hauw ' 
or stable of the proprietor or his neighbors, from any well within 
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three liumlrcd (cct of iha proposeil cesspool, and on llie same or a 
lower level, the architect lUuuIil refuse hU snaution to any plao what- 
ever for ilisclmrging sewage into the subsoil. 

In rocky dlstrictg, and in places where deep well* are neceuar/, 
% much greater distance aliuuld iatervooe between lliem and any 
poroas cesspools. 

It is positively proved that the typhoM poison contained in refuse 
thrown upon the ground on a rocky hillside, and washed by the 
rain into lomo hidden Beam or depression in the ledge beneath tlie 
surface, has been carried down with its qualities unchanged, to in 
feet with very fatal effect a spring, apparently of the purest water, 
a mile tteyond ; and it may gene^-ally be assumed tbnt with lucta a 
subsoil the crevices tbrougli which the lt<iuld escapes from a leaching 
cesspool arc, if oot the same, at least in coinraunicatioa more or less 
direct with Uic seams which, ramifying in alt directions, serve to con- 
vey water to the wells of the neigh borbood, If, again, a well in a 
porous, gravelly eoil ia very deep, the extent of the area from which 
it draws its supply is enormously increased. The [lumpinf! out of 
the excavation in gravelly and clayey Boil for a dry-dock near Lon- 
don drained wells at a distance of much more than a mile. After 
the pumping was discontinued, ihc wells gradually filled to Ihcir nor- 
mal level, showing that the water was drawn from them to the exca- 
vation during the jmnipiDg, and that if tbey had contained foul 
liquids instead of clear water, aud the oxcav.ition bad been a well 
instead of a dry-dock basin, the sewage would, even from that dis- 
tance, have ultimately reached it. 

Supposing that all danger of contamination to the drinking water 
• of the house is averted, by the introduction of water either from a 
pnbiic service, or from a spring or well whose boUam 
i% considerably higher than the proposed cesspool ; this d^i^^'^i' 
may be excavated of a circular form, in diameter from 
eight to twelve feet, and of the depth requisite to reach an absorbent 
stratum, the sides lined with a dry wall of stone or brick, and the 
lop drawn over iu the form of a rude dome, leaving a mao-holo about 
twenty inches in diameter at the top, which should bu covered with 
a flat stone. Wooden covers soon rot, forming a dangerous trap. 
Tlie usual way ia to fix the lieiglit of (he masonry so that the top of 
the cover shall come about four inches beneath the sod, which may be 
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eiUier carried over it, coDceuIing it entirely, or turned dovD nefttljr 
■rouad tlie eUgea of [he sUinc. 

la 8aoi]y or gravelly soita lucb a cesipool will dispose of the waste 
llquidi of a house (or a long lime, but ia tlie course of years tbe 
earth around it becomes coattid irilb the fatty Jiiposit from the sew- 
age, and a new cesspool must be duj^. Where the sand or gravel is 
very rioe, or mixed with clay, the stoppage of its pores takes place 
quickly, and as years past by a continually increasing chain of cess- 
pooU, each connected with the previous one by an overflow-pipe, 
serves lo saturatu the ground around the bouse with putrefaction, 
and the air with malaria. In very ulayey soils no leaching whatever 
takes place, and the cesspool Glis up tike a tight cistern, a few days' 
use, with one of ordinary size, causing it to overflow. Such ground 
often, however, contains strata of porous gravel or sand, and if the 
excuvalion can be carried to one of these seams, the cesspool may 
answer well enough ; but if not, and do more favorable spot can be 
found, a difierent mode of disposal must be adopted. 

Tbe Himplest, though not the least troublesome, way of i 
tog tbe dilEculty ia to drill a lw!o through the cover of the c 

and set over it an ordinary pump, by which the liquid 
may be pumped out at intervals of days or weeks, ac- 
cording to tbe capacity of the reservoir, and spread 
upon [he grass, or utilized in the garden. A small lank on wheels, 
which can be filled at tlie pump and conveyed quickly to the point 
where tbe fertilizing fluid is to be applied, is much used for this pur- 
pose. Tbe operation is not oSonsive, or only very slightly so, since 
the sewage does not romuin in tbe cesspool long enough for putrefac- 
tion to take place, and the resulta are excellent, but the necessary 
attention cannot always be given to it, and a neglect which might 
cause the backing up of tbe sevage in tbe drains, to overflow into 
the cellar of the bouse, would be a serious matter. To avoid this, it 
is customary to provide an overflow, through which the liquid can 
npon occasion escape over the surface of tbe ground, where althougli 
A continued How would be offensive, its presence is less objectionable 
than in the bouse. 

A more automatic arrangement, which baa been gaining rapidly 
In favor of late years, consists in substituting for tbe surface overflow, 
(e be. used only in ease of temporary need, a pcrmunent outlet, formed 
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bj a series of open-juiotcd pipc«, laid a few intihcs IwneniL tbe bui> 
[■ce of the ground, wlicr« tlie liquiil exuding from b(y 
tneen tbeio will be abwrbed, partly bj* tbc porous loam ^^J^ion. * 
whicb al Mollys forma tbe upper stratum, and partly by 
tbe mots of tbe grass or otber vogeialion growing upon the but^ 
face. If properly arranged, tbis tyjtum is very satisfactory, not only 
disposing of tbe liuusc-waate aa ctiinplutuly, and nitli as little atten- 
tion, as the ordinary luacliing censpool, but accomplishing ibh in 
■oils wbere a leacliing cesspool could not be made, and wbaC ia of 
even more importance, performing its work for an indeRnita period 
witbout causing any coniaminalion oF tbe ground, tlie actively oxi- 
dizing property of tbe air contained in tba porci of tbe top soil 
serving to destroy with certainty ibu last traces of organic impurity 
in tbe liquid, wbicb if diuburged into tbe ground a few feet be- 
low, beyond tbe reacb of atinoaplieric changes, would ri 
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ihe moutli of the oittlut. Tlie wuIIb should be 8 inclicg thick in motl 
Mils. Tbe bottom mny be 4 incbes ibiuk, and ibe top should be 
covered with a J-iach dome,with a man-liole 18 or 10 inches In diam- 



^ y' -^ ^''' eter, anil a flagstone cover. 

y / ,^^ 'Whetlier tlie cover iball be 

/ y /" ''gh'i "r be provided with 

^ y a vent bole and grating, depends upon the 

/ / arranfrenicnt of the drain-pipes. If a tepar- 

.'' ate "foot ventilation" is provided for the 

f main drain near llie bonse, it is best to keep 

(he cesfpool closed ; but unless fresh air it supplied 

at the foot of the soil-pipe by a special inlet, a oir- 

culalion should bo insure<l by omitting all traps io 

the drain, and providing a grated opening in the 

cesspool cover. If, as should always bo the case, the 

soil-pipe extends tliroujjL the roof of the bouse, no 

annoyance will be caused by this opening into the 

cesspool, as the draught will be inward at that point. 

The inlet pipe forming the extremity of the main 

drain should enter the cesspool justabovothe water 

lino. The outlet pipe should have a quarter-bend 

n before setting in place, as shown in the Ggure. The 

f the bend, turned downward, then protects the outlet from 
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the scum wliicb floats at tbo surfiice of the liquid, anil woiilrl soon 
clioke tbe irrigation pipes. 

Tlie outk-l ]>ipe, after leaving tLa cesspool, sltoulil be laiil with a 
very gentle but perfeull}' uaiCorm pituli, with brsuubes as indicated 
in Figure 17-1. 

Tbe Itetit mude is to make it of viirilied pipe, laid nitb [be "bubs" 
poiotiog downicard, instead oE iipirard in tbe usual yay, and having 
a Y inserted between every tno luogths of etraiglit 
pipe. All the joints »bould bo made ligbt and B.uooth °' p[JJ^'"* 
with cement, and into llie Ul«ral branch of fvcry Y 
■bould be cemented a piece of agricultural tile drain. Tbe vitrified 
pipe forming the main carrier may lie i inches in diameter, and tbe 
agricultural tile should be 2-ioub ; tbe Y's forming tlie connection be> 
iag of the kind called 2 x 4-incb. Each lateral branch should then 
be continued by a line of agricultural liles of the requisite length. 
If tbe b1o{H3 of the lot permits, the outlet pipe should leavu the ceM- 
pool at least two feet lielow the surface of the ground, running how- 
eyer in such directions as to bring il, before it begins to ramify, about 
twelve inches below the sodi and the same or a less distance below 
tbe sod should be maiolained throughout the pyntem of brunches. 
All the pijiee muBl also be graded to a uniform fall of not more than 
one inch in twcniy-live feet, and to fullil these two requirements it 
will generally bo necessary to lay all the lines in curves, determined 
by tbe irreguloritiee of the surface, and following very nearly a •»■ 
ries of contour lines of the ground. 

The tiles forming the lateral branches should be laid i inch apart, 
a bit of pa|>er put over the joint, to prevent earth from sifting in, 
and the trenches then filled. Either round or sole tile may be used, 
but solo tile are preferable. If round tiles arc employed, they should 
be laid wkhoul colkrs, and pebbles put on each eidu to Iteep them 
from rolling out of place. 

The end of ibe main line of vitrified pipe sliouM not be closed, 
but a reducer should be inserted, and the line continued with open- 
jointeil tiles, in the same way as the lateral branches. The princi- 
pal object to be kept In view is the avoidance of any check lo the con- 
How of the sewage until it issues from the interslicei of the 
ilrain tile', (d tie absorbed and oxidized in tbe soil. If any such 
check is oUcred by tlie displacement of a pipe, a sudden dip in a 
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Kne, or an abrupt change in direction, the liquid will throw ilown ftl 
that point a copiuua black sBiliineDt,ch(>icii)gl]ie pipe in a few weeks, 
or, if llie main line is doKd at Uie end, filling it lilce n pocket, >ad 
raoOBssively cuittug oS the lateral brancliee. With the grcnt«ic care 
MiDO Btoppnges will take place, and It is wise to provide enough 
lateral pipe to dinpoae of anj pouible flow, with a large margin for 
ConlingencieB. For an ordinary dwelling-house, inhahiitril by a 
family of five or six persons, five hundrvd feirt of lateral outlet ) ipe 
il the best rule, and the quantity must be increased fur a larger 
houiiubold. The cliaructer of the suhmil, wlietlmr clayey or sandy, 
makes with Iliia fyntem vvry littlu diSerence, the exudation being 
absorbed almost wliolly by the surface loam, which is always poroua 
enough to take up a eerlaiii quantity of liquid. 

On account, pmliably, of tlie chemical action of the air by whiuli 
>iie upper soil is permeated, the sew^e distributed through it leaves 
DO trace of Itself. Unlike the earth around a dttep cesspool, which 
when uncovered discloses a foul saturation, the soil surrounding irri- 
gation pipes shows after yi-ars of seri'Ice no trace whalei er of the 
organic matter which has parsed through It, anri if thu pipes ar« 
carefully laid, either on hanl ground, on strips of boanl, or in the 
earthenware channel pieces made for llie purpose, so as to avoid de- 
pressions which may collect sediment, they will work perfectly for an 
indefinite jieriml in any kind of soil. 

The disposition of the surface-water about the houM is a matter 

only second in importance to thnt of drainage. The main point to 

be kept in mind is that the ground should everywhere slope at a very 

sensible pilch awav from the buildini;, so as to throw 

•urtnco Water. '^ , ■' , , ,, „ . . 

rain-water tar enough away from the walls to insure 

its absorption by tiie soil, or its harmless removal by surface channels. 
If at any point the ground should be alloweil to pitch toward the 
house, the water of spring rainii will be directed against the walls, and 
linking through the soFt earth which Alls the trenches outside of the 
masonry will make holes or " gullies " close lo the building- If the 
walls are well drained in the manner previously described the water 
nay pais away without finding an entrance into the cellar, but the 
(tone-work will be soaked, and the loose soil carried down by the lor- 
rent is liable to be wasljetl into the drain helow, so as to choke it and 
render it useless. This point is generally understood among ei.nntry 



contractors, but it is likely to be neglectcil in practice wLon iLc proper 
grading happens to be iacoavenieat, particularly uader piazzas and 
porches, where deep holes are ofccn left, to collect the streams of 
water which soak through from the ouUide, and direct them against 
the building. 

The lines Indicating the surfaue of the soil as it Is intended to be 
when the work is done should be markeil upon the underpinning, 
bearing in mind that where the ground is to be grassed over two 
lines will be needed, one showing the grade of tbe gravel ur ordinary 
earth, and the other that of the loain which must bo placed above it 
to support the proposed vegetation. Where loam enough is at hand 
it rbould be spread two feet deep. This will afford a strong, thick 
growth of grass from seed in a single season. In ordinary case*, 
however, it is necessary to be contented with a foot or so : leas than 
this cannot be depended upon to proiluce or sustain a uniform sod. 
With the usual contracts, where the subsoil is sandy or gravelly, (lie 
spreading of the cxcavauid nialerial at a proper grade around the 
walls, plueing the loam on top, with the formation of a gravelled 
pathway to the doors out of the subsoil material, will constitute all 
the work to be expected of the contractor; and it will remaio for 
the owner or his gardener to unootb the surface of the loam with a 
rake, lay a line of sods at ibo edges of tlie paths, and sow the rest 
evenly with " lawn seed," and then drag a bunch of twigs ur n tree- 
branch lightly over it, and leave tho rest to nature. Where a bank 
or terrace forms part of the plan it should be soilded all over; other- 
wise it will need to be repaired after every heavy rain. Sods should 
be laid in a bed well soaked with water and kept moist for some days. 

It will often be found difficult on sloping ground to keep paths and 
drive-ways from washing away in severe storms, and even edging them 
with paved gutters does not always keep their surface in place, 
fiuch ellects are usually due niucli more to the working in of water at 
the sides of tbe path, under the surface, than to the direct action of 
the rain, which would have little power to disturb tbe gravel unless 
previously loosened by the lateral inGltration of water; and tlie best 
remedy is to intercept such in&ltrations from ibe sides, and at the 
same time drain the subsoil of the path, hy means of trenches filled 
with stones on each side. Tbe trenches are best made narrow, but 
deep : sixteen or eighteen inches of breadth by two feet of depth. 
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Wliere pebbles of suitable size arc plenl/ a narroir path ma; (>• 
coin|ilelely filled in with atonn to witliin r'ix iDches of tbe surface, 
wbich givea good results at considerable ejcpcnae. Drivewayi on 
very cosily eatatea are ooca«ionally built with a layer of broken stone 
one or two teet deep ; or BOOietiaiea a single " French drain " is run 
through the middle. The latter plan costs nearly as much as that of 
two lateral drains, and is far leas effective. It is itapoisible to take 
too much pains in the laying out of avenues and paths, and they 
should be marked through their whole extent with small stakes on 
each side, three or four feet apart, so as to judge of the effect from 
all points before work upon them is begun. 

When the dust incidental to these operations has subaideil, the 
painting of the exterior may aufcly be completed. The first coat 

has, or should have been, put on ks soon as possible 

after the setting of the woo<l-work in place, to prevent 
t from warping or "checking" by exposure to the 
suu, and will now be perfectly dry. The nest step will bo to fill up 
all nail-iiolei and crevices with putty, and ftr tlda purpose the heads 
of sU the nnils used for securing the exterior finisli, including clap- 
boards, must previously liave been "set in " to a depth of ^ of an 
inch or more. Then, begiaoiog with the roof, the house is to be 
painted downward, so Uiat the portions already finished may not be 
disfigured by spatlerings of a different color from above. AVith the 
mineral red* generally used for roofs some of the color is apt to 
wash down wltli every rain for two or three weeks after it is put on, 
so that it is advisable to have this portion completed and dried as 
long as possible before painting the walls. The colors will generally 
be chosen by the architect, whose experi-*nco m oucn matters will 
■avoliim at least from the glaring blunders which amateurs are liable 

to make ; and the general rule is that the smaller the 
eholoa of building the lighter its color sliould bo. Tints of green, 

yellowish, brownish or grayish are by far the most pop- 
ular, and with reason, since the blending of such colors vitb those 
of the surrounding vegetation servos to connect the building with the 
grounil and take away the fragile, portable look whicli all buildings 
exhibit wliose color contrasts sharply with that of neighboring ob- 
jects. In rocky distrleta (he gray of iho led<:e8 mi^jht also bo Bug- 
gested in some portions if the building with excellent resulti. 
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Wliero tlie structure is clUproportiooalcly Ligli U U advantageous b) 
make > decided diSereace ia the color of the pH'mt between the lirst 
andieeond ttnrier, bearing in mind tliat when two UiSerent colors are 
placed siUo by sidn ihey must bo ot very different tliadcs, one being 
ligbl and one dark : never bolb ot tlie same or anylliing approaching 
the came depth. The lirst etorj may l>e a darli bronze green and 
the second a raw-aienna yellow, with very good effect, and a lio jse «o 
painted will ecem much lower and more home-like than IE only a 
ilight variation or none at all were made in tba tint of different per- 
liuDS. Where the proportions of the building are «uch that any ap- 
parent lowering would injure it, two sligblly different ahadca of the 
tame color may be used, or the whole painted of one uniform tint. 
The caainga, comer-boards and blinds are usually painted of a darker 
ahade than the reatoC the house, the blinds being sometimea tlic dark- 
eat of all, and sometimes of an intermediate tint between that of the 
"trimmings" and the plain wall; but the architect will bo able to 
judge in each particular case what treatment will mo 
effect of the design. 

In the durability of the various pigments used in 
there is leas difference than is generally supposed, 
tomewhat, and as the darker colora, auch as olive at 
show tlie effect of fading more plainly than the old'faahioned painld, 
buffs and light graya, they are generally thought to change more. 
The best method of preserving the fresh look of an olive or bronze 
grern ia to put it on over a first coat of red : white load ati'ongly 
colored wiUi Venetian red, or with Indian red and yellow ocUre, will 
do very well. The green covers it perfectly, taking only a trana- 
parent, mellow tone, which is very pleasant, and remains long after 
two coats of green would have faded to a brownish shade. The 
t fugitive of ordinary colors fur exteriors ia vermiUion, which 
unless under vary favorable conditlona, either to a 
black or white. Yellows bleach out by exposure, and browns acquire 
■E ashy ahade, although they are perhaps the moat permanent of all 
ordinary pigments. Mineral reda for roofa soon blacken. 

The supervision of the painiiag work ia not so dilRcult as the ex- 
n ot the materials used. It is hardly n 
lary to say that whatever may be the composition oF the 
*euood coal, the first coat should always contain a large proportion 
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of nliitc lead ; not that it is desirable to modify the color by tlie aJ 



nixture, liut because white Ictut clings 



1 (lie wood widi far mors 
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adiled to it, but also a second coat 
best leail irill keep its iioid bng after the 
oil with wbicli it was mixed ha* been waehed away, forming the 
"challcy " surface so familiar to us on old buildings, while zinc and 
other inferior pnints blister and leave ibc wood bare. Sometliing 
may be learned of the character of the p.iint by observing its be- 
havior in tlio pot and under the brush, and still more by seeing it 
mixed, and obaerving the names an the cans or kegs from which It 
is taken. The oil is very likely to be of inferior qnality, immenso 
amounts of fish oil being employed to adulterate ihe linseed oil sold 
for painters' use. Fish oil dries slowly, never acquiring the hard- 
ncsf-and resistilDCO (o adverse influences of pure linseed oil, to that 
the adulterated oil sbould be avoided, except for painting tin roofs, 
where its softness has some advantage in enabling the paint to yield 
to ihc expansion and contraction of the metal without cracking. The 
patent mixed or " clieroica! " paints are convenient, and of carefully 
■elected shades, and are said to last well away from the sea-coast; 
but for buildings exposed to salt breezes from the ocean most archi- 
tects [ircfer colors prepared in the usual way. Oil paints of any 
kind, after long standing, become "fat" and work less evenly under 
the bnisli, 90 that a fresh mixture of good materials is perbapi 
always to be preferred. 

The paint should be put on by strokes parallel with the gri^n of 
(he wood, and long, smooth pieces, such as window and door casings, 
shoidd be finiahed by drawing the brush carefully aloag the whole 
length, so that there may be no break in the lines. No work should 
bo started in the morning which cannot be finished before night ; for 
instance, if one side of the house is begun, it should be completed, 
it not to the bottom, at least down to some important belt or other 
division line : otherwise the junelion of the portions executed at dif- 
ferent times will show as an ugly streak. 

Wiierc a building is much exposed to the weather, three cOAta of 
paint will not be too mucli to preserve it; but it is usually better to 
Include only two coats — the priming coat and one other, in the oon- 
tract- In this way the work will Iw better done, hs there is lest 
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opportunity to cover up deficii 
blister tliAn wlier« llireo cants 
tlirce ieaaons" wear, a third 
place. 

It in becomiDg common to at: 
buildings insteail of pnlnCing t 



:!>, and (lie paint Is less linble t 
applied at once. After two a 
t may be put od and will Btay i 



tsU the exterior of wooden 
[he sliingled Swiss tioi 



tlia stone banement in frequently painted in two cobra, wbilo ilie 
wood-worit nboro is alwayi left in it* natural condi- 
tion, to turn gray by tbe action of ibe atmospliere, ,*""„"' 
and a atmilar treatment for picturesque buildingn, par- 
ticularly in rocky eituatlons, often bas a charming eSect. Under 
other circumstances, where a greater variety of color is duairable, 
■tains serve to change tbe tints of the different portions without do- 
ftroying the transparent richness duo to the varied grain of the wood. 
Linseed oil alone is occasionally used as a dreneing. but altUougfa 
the effect ii good for a time, the wood soon mildews and becomei 
black. Oil of creosote, which can be obtained at a low price from 
any gas-works, gives a blackish stain at once. Linseed oil mixed with 
amber, raw or burnt, Vandyke brown, sienna, or other colors, is 
fometimea used for a stain, and the surface then protected with wax 
or varnish. By applying these pigments, selected as pure in quality 
as possible, until the desired shade is obtained, and finishing with 
two coats of wax dissolved in hot linseed oil, a lasting surface of a 
pleasant texture is produced. Pellucidite, or other good water-proof 
varnish, answers tlic same purpose as the wax, and the varnish alone 
is sometimes used. 

Tbe last part of the outside painting is the "drawing" of tht 
window-tashes. It is essential that these should be securely pro- 
tected against the absorption of moisture, and at lojist three coats 
mast be applied, of red, yellow, black, bronze green, white or other 
color, as may be preferred. 

For inside work the anmo materials are used as for the oulxide, 
but it is even more necessary that they should be of the best qual- 
ity. Fish oil, for instance, which will soften on damp 
days, is very unsuitable for inside use. The puttying 
(bould be done with great cnre to avoid unsightly 
■pots, and one coat of oil or paint must be put on before puttying, 
to prevent tbe putty from shrinking and falling out through tb* 



Work. 
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■bsorplion oF tlie oil rrom it bv the dry wood. In very clieap 
houses, Gnished in bard nood or pine of tlie natural color, two coati 
of oil often compIeLe tlie nork, anil tliia appllcniion answers welt 
enongli if a polish is not desired. Where, however, a shining sur- 
face is intended, one coat of oil only should be put on to bring out 
the grain of the wood, followed by a " filling " of patent paste com- 
position, white wax, clialk, oil mixed with pigments of some kind, or 
with wood-dust, and finisheil with shellac, pellucidite, or coniu other 
varnish, or a wax poliah. Of these, sbellau, if simply put on in one 
or two coats, without rubbing down, forms the cheapest and poorest 
dressing. If, on tbe contrary, it is put on in tlirue or four coats, 
rubbed down with eraery-clolhs dipped in oil after each coat, it 
forms tbe most expensive, and tlie best of all applications. The 
patent varnishes, of which there are many kinds, are easily applied, 
and give, with two coats, a good finish. The hard wax polish give* 
a beautiful surface, which may be renewed, wholly or in part, at any 



intended, the principal point to be 
ring with shellac, before priming of 
will otherwise discolor the paint over 



^Vhcre a painted finish i 
observed is the thorough coi 
knots and pitcliy places, whic 

Bad knots cannot be " killed " even by this application, and snould 
be cnt out, and a piece of sound wood set in their place. Tlie most 
annoying stains cotne from the minute dots of pitch which often 
speckle the entire surface of a pine board, but escape notice until 
after the painting is completed, when each one manifests itself by a 
yellow stain. Some architect!, to make sure of complete protection, 
specify that the whole of the pine finish shall receive one or two 
coats of ahellnc before priming. 

T work instead of white lend, and is 
It of its freedom from the tendency of 
which are not well lighted. The char- 
lurface varies with circumstances and 
"flattened" finish is preferred, and ii 
It of paint with pure spirits of tur- 



Zinc is much used for int 
preferred by some on accoun 
lead to turn yellow in roomi 
acler to be given to the 
fashion. Usually, a dead o 
obtained by mi-ting the fina 



pentine instead of oil. Where the paint is exposed ti 

of clothes or Tingers, an " oil finish," containing little or no turpcn* 

tine, is eraployedj and gives a somewhat glossy surface which can be 
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irather] reulily. For hotel rooms nnd other plmcei liable to much 



" chin 
D specified fi 



mude by d 



; the paint with v 



Mf\l, 



careful rqiI n 
jiiad-papered 
should he so t, 



arnislied 
:vcr tho style of finish, the inanipulalion should be 
:. Every cont of paint except the lust ehouM bo 
a smooth surfEU.-e, and in each i-oaC the brush-marks 
wn RS to follow the lines of the wood-work, without 

If fresco color is used, ihe most experienced workmen only should 
be employed to apply It. So much depends upon the 
cDnjustency oF the eize, the mwle of putting on the 
color, Bud other circumstances, that an unaccustomed hand is almoit 
sure to fail. 



Hani-wood floors s 
and HaUsfnctory mtinn 



not easily (itijshed in a perfectly durable 
The soft, elastic varnishes which answer 
for the doors and standing liuish are, although somc- 
timCi employed, unfit for floors, while the hard spirit "**'* 
varnishes, though more darable, will ultimately wear away in certain 
portions of the floor, leaving the pores of the wood exposed to dirt, 
which quickly fills them, and after this nothing but replaning anil rc- 
varnlshing will restore them. For this reason, the auciunt wax potiiih, 
although more troublesome. Is perhaps lo bo preferred. The wax 
fills the pores of the wood so that, although the surface may he worn 
away, dust will not enter so long as any wax remains, and hy pcrioili. 
cal waxing and repolishing the floor may be kept clean and shining 
until ab^alutcly worn out. An advantageous substitute fur the ordi- 
nary wax, which is so sticky as lo need frequent polishing to keep it 
bright, is made by mixing it with more or less hard pBralfine. Such 
a compound is sometimes sold for use in dancing-halls in blocks, which 
arc scraped, and Uio resulting powder scattered over ihe floor and 
rubbed into the wood by the feet of (he dancers; but the best varie- 
ties are softened with turpentine to n paste, which is sohl in cans, 
and needs only Co be applied evenly over the floor, and after a few 
hours' drying polished with cloths, or with weighted brushes, made 
for the purpose and dragged to and fro over the room. The same 
brushes are used to brighten the surface when it becomes dull, and 
any worn spots can be brought hack to an equal iwilish with the rest 
by a new application of the wax. 
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Tlio glazing ia uBuall/ douc by die painter, wbo seadt tlie autiM 
to tlie builJiag irith ibc glass all act, nnil the iiiperintendcnt will have 
little to Jo except to see that llie glasa in of the tpecl- 
Tieil i[iiality, and that all the work ia left whgle and 
clean. Tlia diSerence belweua Srat anil lecocid quality sheet-glass 
must be learned by obaervatioD, and in judging of the glaM id * 
building it must be remembci'ed that it is much easier to obtain amaJI 
lighta free (rom derccta or uneven places than large onc! ; and thai 
double-thick glass, such as should be specified for all lights larger 
than about 16" x 30" uuleaa plate-glass is used, shows any uneven- 
ness of eurffico more plainly than the thinner sheets. 

This last item having been examined, the young architect's duties 
oE supcrvitioD will be ended ; and it will only remain to review the 
notes which he ought to have made during the progress of the build- 
ing, in order to Gx in his mind more clearly the observations con- 
tained in them, and thereby prepare himselF to carry out his next 
commission with still greater sati.i faction to himself and his client. 
More particularly for tlio inFormaiion of persona intending to build, 
■n actual set of specifinations for a country house of moderate cost, 
together with contract* for the same, will follow. 



BUILDING SUPERINTENDENCE. 



OHAPTBE in. 
BPHinCATIOXB OF LABOB AXB Illl.TEB[AI.a FOR DWRLLINO-HOUBB TO Bl 

saiVT on Fairflblo Street, Melbobe. N. T., fob Jauks Johhsoh, 
Esq., FnoM THE Plans and cwder the Sotebintendencb of Mb. 
Edwaud TtBo, Ancnrrscr, 13 Rialto Street, Albant, N. Y. 



Each conlmclor is to provide all materials and labor necessary 
for the complete and Eubstantial execution of avervtiiing described, 
■faown, or reasonably implied in the drawings and specilicationB for 
bit part of the work, including all transportation, acaiToIding, appa- 
ratus and utensils requisite for the same; ail materials to be the best 
of their respective kinds, and all workmanEhip to be of the best 
(juality. 

Each contractor is to set out his own work correctly and is to give 
It bis personal snperinlendcnce, keeping also a competent fore- 
man constantly on the ground, and no contractor Is to sublet the 
whole or any part of his work without the written consent of the 
owner. The architect or hla authorized representative is to have at 
■U times access to (be work, which Is to bo entirely under his control, 
and may by written notice require any contractor todismiss forthwith 
tush workmen as he deems incompetent or careless, and may also re- 
quire any contractor to remove from the premises such of lijs mate- 
rials or work aa in his opinion nro not in accordance with tlie speci- 
fication, and to substitute without delay saliAfoclory work and mate- 
rial), the expense of doing so and of making good other work dis- 
turbed by the change to he borne by the said contractor; and each 
contractor is also at his own cost to amend and make good any de- 
fects, settlements, shrinkage or other faults in bis work arising from 
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defuctive or improper materials or workmanaUip whicli may apitear 
within twelve montlia after the coinplution of the builUing, ao<l U to 
clear away frum time to time the dirt anil mbbisli resulting from his 
operalions, and cover and protect his work and materials from all 
damage during tlie progress of the building, and deliver the whole 
cloBQ and in perfect condition. All work and materials are to com' 
ply in every respect with Ibe building laws, ciij- or town reguU- 
Uons and the directions of the Inspector dE Buildings, and such 
building laws, regulations and directions are to be considered as a 
part of this speeilication and the contract to which it relates. Each 
contractor is to give to the proper authorities all requisite notices re- 
lating to work in his charge, obtain official permits and licenses for 
temporary obatriic lions, and pay all proper fees for the same and for 
use of water for hutldiag, and entrance into sewers or drains, and is 
to he solely anawcrabla for all damage, injury or delay caused to 
other contractors, I o neighboring premises or to the persona or prop- 
erty of the public, by himself or his men, or through any operalions 
under his charge, whether in contract or extra work. 

The contractor for the mason-work is to have charge of the prem- 
ieei subject only to tlie right of other contractors, the owner and the 
architect or hi» represeniative to have tree access thereto, nntil (he 
l*ili] is on, and is to provide and maintain all requisite guards, lights, 
temporary sidewalks and fences during that time; afterwards the 
contractor for the carpenter- work is to take charge in the lame way 
until the whole is completed. 

Each contractor is to carry on his work at alt times with the 
greatest reasonable rapidity, under the direction and to the satisFae- 
tioD of the architect. The several portions are to be completed on 
or before the following dates : 



Ponndalion to be ready for atll. November 1, 1S83. 

Honseto be entirely enclosed December 1, 1683. 

Ghlmnejannd piers tobeSnished " T, 1S83. 

Bnck plastering ■' lo, 1883. 

Ootslde finish completed and interior ready tor 

plnstorlQg. January 20, 1884. 

PlMteriug eompletod February 10, 1884. 

Interior wood-work done April 1, 1881, 

nUntan' work compIet«d " IS, 1S8L 
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ETC. 

Set proper batter-boarda and mark out the building accurately 
under the directiun of the architect. Battar^bonMa- 

Take oS the stxl and loam from site of house and 
Tor eight feet additional iu width all around. Excavate the cellar 
ta a depth at five lect l>elow the higheat part of the ground covered 
by the buildiug, making the excavation eight inches 
wider all around than the outside of foundation-iraila; 
excavate trenches (or all walla two feet below cellar bottom, aod (or 
footings of piers and chimneys eight inches below cellar bottom; ex- 
cavate for posts and piers of porches and piazzas four feet below 
present surface ; excavate trench four feet deep and [one hunilredj 
feet long for drain-pipe, and excavate cesspool eight feet in diame- 
ter and twelve feet deep. Excavate for dry well to each rain-water 
leader where directed, eiglit feet from the house and five feet deep, 
and for trench four feet deep from each dry well to house. 



[areab. 



ETC.] 



Separate the loam and stack by itself where directed, and dump 
the other earth from the excavations wherever directed witliln two 
hundred feet of the building. Clear away and remove all rubbish 
entirely from the premises at the completion of the 
building. Hefilldrywellsandaroundcellai-wallswith '"^U,^""" 
small stones or gravel. ReQII with ordinary earth 
around ceaspooU, posts, piers, and pipes. Ram thoroughly or pud- 
dle with water all filling material every foot in height; spread and 
grade neatly the remainder of tlie material from the excavation a« 
directed, forming gravel-walks and drive-ways neatly, and elsewhere 
spreading the loam evenly oo top, sowing in the best manner with 
bine-grasa seed and rolling, and finishing with two feet in width of 
the best sods on each side of gravel-walks and drive-ways, and tliree 
feet in width around house and piazzas, all to be done in the best 
manner, properly cared for, watered and kept in order until the 
bonse is delivered. 

If any blasting should be necessary for making the e 
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above Bpecllied [leven] cents per cubic foot will be paid bjr tbe 

_. _ owner for blasting, breaking up, bdiI removinz tba 

BlastinB- , „ ° , , . . . r , , 

Htone ; out all stone bo reiooveu ntiich may be auilable 

shall be used [a building the cellar walls or piers, and for all stone 
Bo taken from the excavation anU used in llie building, tbe contractor 
shall pay the owner at the rate of [leran] cents per cuiiic foot. 

Furnish and lay in the best manner from outside of cellar-wall to 
cesspool [one hundred] feet of lirst quality {Portland, Akron, Scolck\ 
five-inch glazed earthenware drain-pipe, all uni- 
forutly graded, the bed hollowed for the hubs, and 
all jointed with clear, fresh Portland cement, and the joints scraped 
smooth inside as laid. I<eave the line of pipes open until ioKpcclcd 
and approved before refilling the trench. Include in 
the line of pipe a five*inch running trap of the same 
make, with band-hole, to be placed not less thun six feet from the 
bouse, and tbe band-hole closed by tight cover ; and include also a 
i" X 5" T-branch where directed, between the house 
'*** *""'"■' and tbe trap, the branch of the T to be turned up- 
ward, and a vertical live-incb pipe of tbe same make 
to be brought to the surface of the ground and covered with a proper 
earthenware ventilating cap, all jolnled with cement. 

Furnish and lay four-inch glazed earthenware pipes 
of tbe same make, all jointed in cement, from each 
Rain-Wat«r. jfy „^n [q thg rnin-walcr leaders. Each pipe to 
turn with a quarCer-bend at the cellar wall and to be brought up- 
ward to the surface of ibo ground to receive the foot of the leader. 



>ln-PlMi»to. 



Tr«fc 



Undarsround 



All the lime used in the mason-work throughout to be Extra No. 1 

{Roektarid, Canaan, Glen's Falls,] and all cement except that useil for 

jointing drain-pipes to be best fresh [^os«ufai«,jljlTori, 

Oamant. Ixnmville,'] of the [F. 0. Norlon'\ brand. All sand to 

Sand. t>^ clean and sharp, and used in proper proportions. 

Furnish all materials and build tbe cellar-walU 

18 inches thick to tbe underside of sills of good ledge or other 

approved stone ; the first 18 inches to be laid dry in the trenches, 

and the remainder to be laid in mortar made with lime and cement 
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hi equal part* and clean, Bliarji »anil in proper pToportion ; tbe 
whole lo bo laiil to a line on each face, well bonded, 
the joints filled with morlar and all to be thorough)^ 
trowel-pointed laeide and outside the whole height, holding the troir- 
el obliquely so as to weuther the pointing on the outside. Set the 
belt face a( the ttooes ou(»idc, both above and below i;round. Set 
Btone footings for piort and chimneys and foundations for range and 
bculer. . Level up carefully and bed the eiII in cement-mortar and 
point up around it inside and outside, and bod and point up around 
frames of basemenl windows. Build jiiera of dry stone for front 
granite step. Leave openings for drain, gas and water plpe^ and 
fill up around them afterwards. 

Build the cesspool with circular wall of dry Btone eighteen Inchea 
tliick. Draw in the top and cover with three-iiieh planed blue-stone, 
two feet Biiuare, with man-hole and grated cover, set 
in cement four iijcbes below (inislicd grade, and the 
•od neatly tnrncd down upon it. Build in the drain-pipe properly. 

Famlib and set one step of beat clear [Conneclicul] granite at front 
porch, to be eight feet long, sixteen inehea wide <: 
lop, and twelve inches high, seven inches to be above 
groand ; the part above ground, top and ends, to bo pene hammered. 

All the bricks used in the building except for fireplaces, liearlhs, 
anil netting of range, furnace and boiler to be the beat hard com- 
mon brick, to be carefully culled fur facing of chio] 
neys abovo roof, and all to be new, well-shaped, and 
of uniForiu size. All to be laid wet except in freezing weather, with 
Joints thoroughly flushed up with mortar, and all well bonded. All 
brickwork to be nrierward) plastered is to have rough jointi, other 
work to have tho joints neatly struck ; and all work visible outside 
the house to be washed down after completion with luuriatic acid. 

Build pier* in cellar and fur outside work as shown 
lo be 12" X 12", laid in mortur inado with eijual parts 
of lime and cement and wedged lightly up to under- 
side of timbers with slate chips in mortar. 

Build the chimneys as shown on drawings, with flues 8" x 12" oi 
B" X 8" at shown, of hard brick in mortar made with 
one part cemeut to two parts lime to undcrBiOo of 
, roof boarding; above roof to he of selected brick, formed accord 
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ins ^ <Ira«ing9 and Jetails anJ laid in mortar made with eqatti 
psrtg of lime and cement, colored nitli Vcactinn red to a ligbt red 
color, and iLe upper four courses to bo laid ia clear cement. Tba 
brickwork of cUimDeys to bo kept ia all cases at least one inch dear 
of aoy vood-work. AD wiilis lo bo four Indies thick, well bonded 
iDto ibo walls, and all flues to be carried up separately to the top. 
Plaster every Rue smoothly inside to tbu top, and clean out at com- 
pletion, and plaster tbe outside of each cliimoey from basement floor 
to underside of roof boarding. Duiid in lead flashings, to be provided 
by the carpenter, and provide and build iu eyes and set stroDg 
wrougbt-iroa stays, as directed, to all chimneys rising more than 6f- 
teea feet above the roof. Provide and set eigbt'iacli iroa thimble id 
furnace-flue, eixtoen inclies clear below underside of beams, and five> 
inch ihiuibles and covers with ventilating nrrangeuicnt io laundry, two 
feet clear below ceiling, and in two attics, to bo three feet clearnbova 
floor unless otherwise directed. Provide and set also 8" x 8" iron 
cleaning-out door and frame ia furaace-fluo, tno feet above bnaement 
floor ; and a 12" x IS" door and frame in each asb-pit, close to base- 
ment floor; and 8" x 12" black japanned ventilating register in 
kitchen- 
Turn 4-lncli trimnier-arcbes on centres to all Greplaces, to be two 

feet wide by the length of thu breast; turn also trim* 
'"'Arohlli' mP'-arches in front of range and wash-boiler to «up. 

port hearths not less than £0" wide in front of cocli. 
Level up with cement-concrete or brickwork, to receive hearths. 

DuilJ ilio fireplaces with the rough brickwork only at first, 
making the opening three feet high above top of beams, and putting 
} ^" X 2" wrought-iron chironcy-hars to each 

opening, each bar to bo eight inches longer than the 
opening. After the house is plastered provide all materials and 
build fireplaces and hearths according to detail drawings, and cover 
spcurely with hoards for protection until tlio building is delivered. 
The fireplace in parlor is to be lined with ornamental cast-iron 
plates, of pattern to bo selected by the owner, and to cost ten dollari 
per set, exclusive of putting up ; and to have facings of French ma- 
jolica tiles, to be selected by the owner and tc cost iwenty-five dollars 
per set exclusive of putting up, and hearth of royal blue glated 
American tiles in three-inch squares with border of two rows of oi 
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inch bltick glazed tiles, nilb one row betneoD of Low's tbree-ineli 
Clielsea tiles, of pattern to bo selected by tbe owner ; tba bearth to 
be 30" wide utid b' S" long, inclusive of border. AIL to be executed 
ia tlie bent manner by skilled workmen, tbo tile facings to be secured 
in place with pollsbed brass angle-bars, and tlie lieartb to bo laid in 
I'Driland cGiuunt, and all to be tborouglily backed up wltli brick and 
mortar. Make the hearth witbin tbe fireplace of good face-brick. 
Tba dining-room fireplace ia to be lined with Philadelphia glaze<l 
trick to be selected by the owner, and is to have facing of Italian 
griotte marble, 4" wide and }" thick, with ca.elto moulding around 
the opening, and hearth SO" by 5', of American unglazed red tiles 
without border, all executed in the best manner and thoroughly 
backed up with brick and mortar, and to have face-brick hearth 
within tlie fireplace. 

All the other fireplaces in the building are to be of selected 
pressed brick with borders of moulded brick, as per detail drawings, 
and hearths of IS" width by length as directed, of pressed brick laid 
fiat, with border of brick moulded with half-round on the edge, 
mitered at the angles and set with the half-round projecting above 
tbe 6aor, all laid in red mortar and neatly pointed. All fireplaces 
to be built in the beat manner, with J" x 2" chimoey-bars, 8" longer 
than the opening, to support those shown with square openings, all 
well backed up, and the joint between old and new work thoroughly 
broken to prevent the escape of sparks. Provide and set neat ash. 
grates to all first-story fireplaces, without damjiers. 

Set the range, to be provided by another contractor, in pressed 
brick in llio best manner, to show a IMnch plor on each side, and 
carrying up the face-brick setting to the ceiling, with 
lintel of rubbed blue-stone, five courses high by the 
whole length of the breast, to hold the brickwork above. Make 
hearth to the same 20" wide by the full length of range and piers, 
of pressed brick laid flat in cement. 

Do all e.icavation and other work necessary an<l furnish all mate- 
rials, and set in the best manner in pressed brick the furnace to be 
provided by the contractor for the heatin'r. Make _ 
Cold-air chamber under fitrnoce not less than eighteen 
inches deep, all of hard brick in clear cement, vrith bottom of the 
■ame, and make cold-air box ten feet long under cellar floor for 
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■iippl;-ing tbe lame, to bo 13" deep hy 3' wide, with bottom and 

_ sides of bard brick in elcar cement, and all nlaatered 

witli cement, and covemd wiib 3-iDcb QagstoDea nito 

close axtiJ joints. CooaecC llie cold-air box complete aoil aiak» 

ugkt all around it, and leave ibe wLole in perfect working orJer^ 

Provide and set in laundry where directed a 36-gaUon [StoyerV] 
besl heavy tinned copper wasL-boilcr with disbed Boapstone top, 
grate, ash-pit, and doors complete, luid with sleaia- 
pi[*«i connected pro[>erly into flue. All to be act in 
pressed brick in tbe best manner, and to have hearth 20 inches wida 
by the leii4;tli of the boiler, o( pressed brick laid llat in cement- 
Lay two courses of rough brick in mortar on top a! foundation 
walls beliind sill ail around tba building, and (ill np with four uoursei 
uf the same between beams on top of sill. Lay (our 
s of tbe same on lop of all dropped girta and 
caps uf partitions which carry beams in every story between the 
beams and stucU, and build a vertical 1-incU wall of tbe same from 
the plale all around to underside of roof-boarding, After the par- 
titions are bridged lay one course of brick in mortar between studa 
on top of all tbe bridging throughout. Lay one course of brick In 
mortar on lop of under floor in each story around all chimneys and 
between ibe furring studs of tbe broasts, filling the whole space from 
brickwork of chimneys to outside of studs. 

Level off the cellar lloor, roll or settle tboroughly, and conorete 
the whole three incbea thick in the best manner, the 
concrete to be made with one part freali [F. O. Norton 
Rotenilali:'] cement to two parts clean sharp sand, and ibroe parts 
washed pebbles or broken stone, and tbe portion not covered by 
wootleu tluor to be smoothed off Doallj', and all left perfect at the 
compilation of the building. 

Tbe mason is to assist the other mechanics employed in the build- 
ing wherever bis help Is neccssar}-, and is to do all 
out. cutting and jobbing required without extra charge, 

and leave alt perfect. 
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The plasterer is to examine and try ail ceilingg, parlitious, and 
rorringa, and b to notify tho carpenter oi all that varirylns 
are not tqjare, true, plumb auJ level, and ««e tUat 'urrinKi- 
they are corrected before lathing, and tlial all are liriu and secure. 

Back-plaster tlie irbolo of exterior vails from sUl to plate between 
the Blude, on latba nailed liorizontaily |" apart to Back- 
other Intbs or vertjiial strips put on tUo inEide of Plaaiarins. 
the boarding, all well trowelled and brought well out ou tUu ttuds, 
gicla, and plate, making all air-tigbt. 

Lath and plaster baaeinutit ceiling ooe heavy coat, onv^oat 
well trowelled and smoothed, Work. 

Lath and plaster two coats in the best manner all other studdings, 
nndcrsida of stairs, parlitiooa, furrings and ceilings throughout the 
building, except in rooms marked " Unfinislied " on Two-Ooat 
plans, carrying the plaster to the floor everywhere. Work. 
Lallis to bu best Bcauined pine, free from knots, bark or stains, all 
laid f" apart, nod breaking joint every six courses and ovlt all door 
and window heads. The first coat of plaster to be of 
Noi 1 Extra IRackiand] lime, and clean, sharp sand, 
wt,ll mixed with a half bushel of b<!sl long cattle or goat's hair to 
each cask of lime, thoroughly worked and stacked at least one week 
before using, in some shtiltcrud place, but not in the ccllBr of the 
house; all to be well trowelled, straightened with a slraiglit^dgo 
and made perfeclly true, and brought well up to the grounds. The 
iklm coat to be of No. 1 Extra IRocklan-i] lime, slaked at least seven 
days before using, and washed [btach'] saiid,-and well floated. 

Run moulded cornice, not over 30" girt, with one enriched mem- 
ber, in Parlor, and plain moulded cornice!', not over 24" girt, in 
Dining-room, Library, and four chambers in second 
itory, and in first-story Hall, carrying two members 
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of tbe hall coraice up the Boffit of stain to »ocon<l Blur}" and around 
MuouJ-itory Lull: all to be i a accordance with detail drawingi. 

^^ Form bvams nliere ihown, according to detail draw- 

ings. 

Plant plaater centres in Parlor. Diniog-room and Library, to be 3' 

in diameter ia Furlur, and 2' G" in Dining-rooni and 

Library, all to be mude in accordance with detail draw- 

ingl, and two wax uiodeU to be made und approved berore casting. 

Point up Willi lime and bair mortar around outside door and win- 
dow fraaieg ; clear away and remote all rubbisb from tlie premises 
after the iccond coat of plaster ia on ; clean tbe mortar oS Uio (luors 
and sweep out the bouse and leave all reodr for the wood finish ; 
patcb up and repair ali tbe ploalering at the completiun of tbe build- 
ing, and leave all perfect. 



Whllewnaft. 



n'hitewasb cellar ceiling, walls and piers two coaU 



_^ Sill, G" X 6", haired and pinned a' 

Posts at angles and opposite partitions, 4" x 8". 

Gins, 4" X 8". 

Braci% 4" X 4". 

Window iiuds, S" x 4". 

Door »^ud^4"I4".■ 

All other studding, S" x 4', 16" oncenlrvt. 

Partition caps. 3" a 4". 

Soles, 2" X aj". 

Girders, 8" x 10". 

Slec|iers, S" x 6", 8' aparL 
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Floor beanp, !" x 10", 16" on centres. 
HeaderB, 4" x 10", and G" k 10", according to Traming plans. 
Trimmers, 4" x 10", and G" x 10", according to framing plans. 
Barters, 2" X 6", or I" x 8", as marked on (raming plans, 20" on 
eentrct. 

Deck raCteri, S" x 8", 20" on centres. 

Hip and vMey rafters, 3" x 9", or 3" x 13", as marlced on framing 

Trimniur and header rafters doubli^d and spiked together. 

Eidges, 1" X 10". 

Piazza and porcli girders, i" x 10". 

Hazia and porcli floor Iwani?, 2" x S", 20" on centres. 

Piaiia and porch rafters, 2" x 6", 20" on ceatret. 

Uipa and vallevs. 3" x 9". 

Piazza and porch pluto, G" x 10". 

Piazza and porch poBls, 8" x 8". 

Sleepers in basement to be of locust. Piazza anil porch posts In 
be of best well-Beaioaed dr^ white pine or vrliite- 
wood. All other framing timber to bo good Gonnd 
spruce, free from large knots, waney piece?, and shakes. 

The house is to be full frame, all framed, braced, and pinned in 
the best and strongest manner, perfectly true and plumb, and in 
■ceordanco with the framing drawings. No wooii- 
work is to be jilaced within one inch of the outside of 
ftn J chimney, and no nnils to be driven into any chimney. The 
underside of sill and ends uf girders are to be painted two heavy 
coats of oil paint before oetling in place. The basement beams to 
be sized upon the sleepers, which are to rest on the concrete. The 
beams of first-story floor to be notched down four inches on the sill 
and mortised two inches nioru into it, bringing the bottom of the 
beams flush with the bottom of the sill, and to be framed with lenon 
and tnik Into the girders, flush at top and bottom: all to be well 
(piked to the sill, unci the tenons secured to girders with oak pins. 
Beams of second and third story floors to be notchod down four 
Inches on the girts, and spiked to girts and studs, and sized one inch 
on partition caps, spiking the beams strongly together wherever 
possible to form a lie across the building. Headers to be framed 
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into Irimmers villi double tenon and piDned, and all lieoders wbicb 
carry more ihiin three tail-buaius to iiave j" juiat-bolls at each end 
ID addition. Tail-bt^nnis to be framed into licadera with tenoti and 
task and pinned. All floors to b« bridged once in every eiglu fuet 
with a Blraiglit, continuous row of double herring- 
* "*' bone cross-bridging of l"x4" pieces, cut in and nailed 
with two nails at eacli end of each piece. Beams under unsupported 
partitions which run parallel with them to be in pairs, set 7J" apart 

Pituia an'l porch Soor to be framed with a 4" x 10" girder from 

each post or pier Co the house, set so tliat the top of the girder is I" 

below the top of the sill, and pitching away from the 

^o^Vloor. ''""SB ono '""^h in every five feet. Each girder to be 

gained one inch into the whole depth of the sill, and 

to be secured to the sill with j" joint-bolt. Into these girders are to 

be framed tlic 2" x C" piazxa beams, all flush on top. 

The iiriished posts of pinzza and porch will stand upon the Boor, 

with tenon 4" long into the girder, and the plates are 

pII™RMt. '° ^ framed into them and pinned. The rafters are 

to be notched upon the plate and spiked, and strongly 

secured to bouse. 

Form the cornice of porch and piazia as shown on detail draw- 
ings, all of pine, with planceer, facia, bed-mould, and 

inch lead goose-necks and [_/inir] three-inch [lin] con- 
ductors where directed, properly supported and entered into the 
drain-pipes prepared to receive them. 

The main roof of the housa is to be framed as shown on framing 
plans. Rafters to be notched on the plate itnd spiked. 
Mam Roor. ' . . r , 

Partitions to be carried up to support roof wherever 

prncticnhle, and all to be tlioroiighly tied and made perfectly secure 

and strong. 

Form the main cornice as shown in detail drawings, with S" x 4" 

_ . cutler all around, facia, and planceer, rebated 11" belt 
Main Cornloa." , „ . 7. , ,. - i . 

at top of wall, and raking moulding in the angle: all 

of pine. Gutter to have loaded joints and three-inch lead gooae- 
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Deck*. Put DQ liix} (ouT-iacli tin conductora where direcleil, nil 
etrongl]' sci^ured aaJ properly entered into drain-pipei prepared for 

Gable finUli to be at Bhown on detail drawings, all of pine, with 
11'' rtbated piece al top of wall, to ihow 8" wide, 14" _ ^, „ , ^ 

plum planceer put on underside of projecting rool- 
bonrda with J" furring betweiin and to aliow 10" wide, and corona 
and cvmatium oioulding 3j" wide in all, to cover ends of roof-board* 
and edge of planceer, and S" x 3'' bed-mould in the angle. 

Cover ill the roofs, including those of porch and piazza, with good 
homloclc boards, planed one side (onaeven thickness, and wtll nailed 
to every rafter, two pliea of pine-tarred fcU paper, 
breaking joint, and shingle with first (juaiity 16" si 
cedar shingles, laid 4}'' to the weather, and nailed with two gnlvan- 
iied nails to each shingle. Form dormers, etc., as shown on draw- 
ings. Furnish wide counter-flashings of 4-lh. lead for tlie mason lu 
build into joints of chimneys, shingle in wide zinc fl.ishings to turn 
up Hguinst the brickwork as high as the counter-Hashing will allow ; 
then turn down the counter-dashing, dress close, and cement per- 
fectly tight Against tlie brickwork. Shingle in wide zinc fiaabings 
in valleys and around dormers, and put on wide line apron to pro- 
tect junction of piazza and porch roofs and house wall, and warrant 
all tight far two years from the completion of the building. Make 
all tight under dormer sills and around dormers. 

Make scuttle !' x I' in roof where dlreeted with rebnted frame 4" 

high, and cover hung with strong strap hinges, and 

. . , . ,„ , . Scuttle, 

to have iron bar fastening and fixtures to keep it open 

at any desired angle. Frame and cover to ba tinneil and all war- 
ranted tight. 

Enclose the walta with good hemlock hoards planed one side to an 
even thickness, and two thicknesses of good felt-pnper breaking 
joint. Shingle tlie whole of the wails above belt at 
lecood-atory floor le»el wiih first quality 16", sawed 
cedar shingles, laid 6" to the weather and nailed with two common 
nails to each shingle- Where the shingles comeagainst door or win- 
dow casings nail only at the side next the casing, with two nail& 
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Under windov lilla and clueirbere wliere exposed the nails to be 
gnl von iced. Sliingles in gnbles to be laid altcroately Ion;; and iliort, 
witliout selecling for uniform width, the difference in lenijlL to be 
_ _^, , li"- Cut sliingleB,of uniform width and to pattern 
as per drawmgt, to be used in panels wbcro shown 

Kn-Pd ^" '*'■''*'' portions of the wall to lie covered wilh 

sap-extra pine clapboards, all laid to n perfectly even 
gauge of not over *J". and all n^lod to every stud with galvanized 
nails, set in for putlpag. 

Put strips of sine 8" wide around nil window and 
door casings throughont, running under casing* and 
clapboards or eUinglcs. 

Form the belt at second's to ry floor level according to detail draw- 
in;;s by putting on furrings over each itud on top of the under board- 
ing and putting a second boarding outside, brought 
to a fcatltcr edge at the top. The lowest of these 
boards to be planed on the edges and the shingles to be brought 
down over. Finish under the edge with a a|" bead. Under the 
moulding will be a belt 1^" (hick and to show S", with the boctotn 
edge rebated. 

Make also bolt at level of window-sills where shown, of a 9}'' cove 

and fillet mouldiag, bevelled on top to correspond with the pitch of 
the nindow-sills, and put on over the shingles, which arc to be gauged 
to correspond. Form tho front edge of tliose window-sills so as to 
continue the moulding without any break. 

Form the base as shown on detail drawings, on sides next to pi- 
attA and poruli to bo 1^" thick, rebated on top, and to show G" higU 
above piazza floor, with small bevel, stopping against 
half-posts of the balustrade, scribed against the wall. 
In other places the base will be formed by 1|" featber-cdged piece 
(landing out from the wall, the clapboards to bo brought down over 
(, and a I(" bead to run underneath. All of good, seasoned white 
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Tliero will be corner-boards only in first slory where clapboarJed 
sbiagles being in nil cases brouglit out to the angles 
All corner-boiirds, Uoor anil wi 

tbick, and oF widlLs as markud oa drawhigs, all of 
good, seasoned piuc, and tbe lop edge rebated. 

Tiie porcb will stand oa 12" x 12" brick piers to be biiHt hy tbn 
mafon. Piazza to stand on rod cedar posLi, 4' in tbe ground, fitr 
nisbed and aet, eiclusivo of excavation and refilling, 
by tbe carpenter. Floors to bo framed as descritied "^,o""^ 
above, and to be covered witli J" rift bard-pine 
boards, not mntcbed, laid close joint and well nailed and tbe oaCer 
edges rounded. Finish under edge of floor with a planed board 10" 
wide, case the posts in front with planed boards, and fill in betwaen 
them, and huiwecn piers under porcb, with jig-sawed work of J" 
pine boanla down to the ground, finishing with board, and with 
iDOuldings broken around to form panels, all as shown on drawings. 

Coni|>lele the porch and piazita as pur detail drawings, the bal- 
astrades, braces, turned, carved and ornamental work to be all of 
good, seasoned white pinoj and ceil tlie underside of roofs, and of 
all projections of oriels, balconies, etc., with |" matched and headed 
Spruce sheathing not over 4" wide, on furring strips 12" on centres, 
formed into panels by |" x 4" bevelled strips, planted on. Case . 
orer the plate with J" pine with |" bead on each edge, and finish the 
juDctioD of piaxza ceiling and main wall with 3" cove moulding 
neatly stopped. 



ept the granite lower st«p at front ontrnnce 
and I^" rift bard-pine treads with rounded 
I ends: all to bo supported on_ 



All outside steps 

to have |" pino ris 

nosings returned at 

2"xl2"spruceatrb 

to bo planed or cased, and the foot of the strings to he notched upon 

the granite st^p or upon a 4" x. i" piece supported by two red cedar 

posts 4" in the ground. Enclose under ends with vortical }'' pine 

strips, jig-sawed as shown on drawings, with bevelled base- 
Make bulkhead entrance to cellar, with plaok steps on plank 

■Irings. all planed, and cover of 4" matched pine _ . 

1,1 , , ■ ■ 1 . - I , > Bulkhaad. 

tnarUs, battened, hung with beavv strap hinges bolted 
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on, in strong pUak frame, and all made tight, anj (iirDialieJ wiib 
gtrong bar fasteaing. 

All other outside finidh i* to be uf goorl, thorongUy aeaaonej white 
pine in iCrict accordance with elevalioni and detail 

"""'J^j'J,^''" drawings, and all leaded where noceasary to make it 
weatlier-tight. Project beams [or bays, orio!*, elc-t 

and do ali fnrrin^ and other work for completing tha whole ia the 

Oi^t and ■t.roDgest manner. 

The carpenter must call upon the painter la prime 
Prlmlna. ^n „torior finish before putiing np or imajcdiately 
afterwards, nnd ia to replace all work warped or erauked. 

The Hall, Laundry and Water^loset in basement will hare (ingle 
floor of 6vil ijuality ^" rift hard pine, W]uare joint, not over G" wide- 
All other floors throughout the building are to be 
■i'i!fJl!.t. double, the under floor to be of good hemlock boards, 
planed one side to an even thickness, well nailed, and 
two plies of good felt paper to bo laid between all upper and under 
floors. Under flooring in Hall, Parlor and Bath-room to be not over 
3" wide ; in Kitchen, not over 6" wide ; elsewhere to bo any width. 

The Kitchen, Buck Vestibule, Store-room and Butler's Pantry on 
Grat story, and Back Hall in first, second and third stories to have 
upper floor of first quality rift hard pine, not over G" 
rtoora. ''''''^' '°»'«''«'l a"'' blind-nailed- The main Hall on 
first story to have upper floor of first quality se- 
lected quartered j" oak, 2^" wide, matcheil, laid in herring-bone pat- 
tern, aa per detail drawing, and blind-nailed. The Parlor is to hav« 
upper floor of {"second quality while pine, not over 6" wide, matched, 
but not blind-nailed, with border of IDUri} parquetry, 30" wide, 
in maple and cherry, of pattern No- [(loen/y-aij:] all laid in the best 
manner and warranted not to shrink. The Bath-rooin in second 
atory is to have upper floor of alternate strips of maple and black 
walnut, not over 4" wide, matched and blind-nailed. 

All other rooms and closets throughout the building to hare upper 
floor of j" secood quality pine, matched but not blind-nailed, not 
over 6" wide in first story and second story chamber? ; not over SK 



I 
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wide cIsMtkerc. Make mitred borilerg to all beartha, rcgigtcre, and 
Mairaase opeid^i. 

All under floora to be tlioroughly repaired and cleaned before 
upper doora are laid. 

All hard-irood flooring to b* of the very beat selected perfectly 
•easoned etock, and nil npper floor* to be kiln-dried, laid breakEng 
ioint Id every course, well strained and nailed to every beam witli 
ttrelve-pcnnies, and all neatly amootliod oS by han<l and scrubbed 
out at the completion of the building. 

Put on grounds for J" plastering in first story and }" elsewhere, 
and put on nil anglo-beads. Cro9»-fur all ceilings, including basement 
ceiling, with 1" x 2" strips, 12" on centres. Cross-fur 
ratters in finished attic rooms diagonally, with strips 
12" on centres; fur out attio oatside walls with stud- 
ding to give i' vortical height, and fur down attic ceiling to 9' clear 
height. Set the grounds for vertical sheathing 4' high in Laundry, 
Kitchen aod Bath-room; tor panelled wainscot 8' high in first and 
second story Hall and Vestibule, and stairs from first to second story, 
and for bases elsewhere of heights as specified. 

Fur chimney-breasts with 2" x t" stuilding set flatways, to be 
everywhere 1" clear away from the brickwork ; and fur outside 
stone walls of T.aundry in basement with 2" x i" studs set flatways. 
Fur for beams, arches, etc., as rerjuired. All furrings, grounds and 
angle-beads to be perfectly strong, true and plumb. 

Set all partitions with 2" x 4" studs 16" on centres, try wIlli a 
■traight-«dge, aod straighten and bridge before plastering. All par- 
titions except those that stand over each other to __—.,. 
Ktand on a 2" x Jlj" piece, and all partitions to have 
3" X 4" cap. Whore a partition stands over another, the studs of 
theupper partition must stand on the cap oE the partition below — 
not on the floor nor on the beams. Truss over all openings in parti- 
tions which extend through more than ona story, or carry beams; 
uid strongly truss all partitions not supported from below, to take 
the weight off tlie middle of the beama. 



Bridge all partitions in first and si 
two rows of angular bridging of 2" 



;ond stories wi 
i" pieces cut 



ith 
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knd naileU with two naili at each end of each piece. Beverse the 
direction ot the bridging pieces in each row. Line the pockets for 
iliding doors with plmicd boards. 

Fill in with saw-dust or |ilnDiag-miIl chipB between 
FiMiniT beBms around all wat«r supply pipes which run in the 
floors, making all tight. 

INTERtOR FINISH. 
Ail the stock for iDtcrior finish of every kiail U to be of the very 
beK qu&lity, thoroughly Eeaaoned and of selected grain, and well 
amoothed, «and-pBpcrod and kiln-dried before putting 
up. Ash to be best Indiaoa calico figure, and white- 
wood to be free from white sap. The Laundry, Kitchen, Aud Back 
Halls throughout, including back stairs, are to be finislicd in bard 
pine, excepting doors, which are to be of whitewood; Itbe Front Hull 
and Vestibule in first story to be finlsbed in quartered oak, ezuepl 
llMrs to second story, wliich are to be cherry. The Parlor is to be 
finished in maple and the Dining-room in ash. The Batli-n 
Mcond story is to be finlsheit in black wainut and maple. Alt other 
rooms and closets in first and second stories to be 6nished in white- 
wood. The hall and largo front room in attic are to be finished in 
rnishing. All other rooms and closets in attic kre 
lo l>e finished in pine to paint. 

Make panelled partitions under front si 
Panltl'ona. ^'''"'' ^'■""'"S*' ^'^ framing to be 1 J" thick, moulded, 
with raised panel )" thick, all bead and flush on back, 
tU of (junrtcrcd oak. 

Front Hall and Vestibule in first story, stairs from first to Kcond 
■tory, and sccond-slory hall, to have panelled wainscot 3' high, ac- 

„ cording to detail drawings, with framing i" thick, 

Walnsooi' ,, , . , ,.„,., ■ ,, ■ 

moLilUed, and raised panels J tliick, an<l moulaea cap, 

but no base. To l>e of quartered oak in first-story Hall, cherry on 

■tairs, and wliitewood in second story. 

Tlic Laundry in basement and Kitchen in first story are to be 

■heatlied 4' high with J" mntcbed and beaded vertical strips of hard 

4" wide, without base, but with nent 

bevelled cap. Tlie Bath-room in second story is to 

hnvfl J" matcbeil and beaded vertical sheathing, 4' high, of altera 
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BripB of black walnut and mnple, 4" niOe, vith neat beve1le<l cap 
rf black walnut nnJ j" bevelled blauk-walnuC base, 4" higb. Flougb 
Llhe ebeatbing into cap of balk-tub. 

Tbe Parlor and Dining-room ore to biive mouided base, j" x 10", 
according to detail drafrings, to be oF maple in Parlor, and neb in 
Dining-room. All Btccnd-story rooms except Balli- 
room to Lave J" z 10" Ijevelleil base of wbitewood. 
All other rooms and cl./sets to Lave j" x 8" plain l>oard ba»e, of 
bard pine in back halls and back Blnlrs tlirougbout; wbitevroo'l in 
remaiolug paxts of baic men t, first and second stories; pine to var- 
nish in attic hall and large front room, and pine to paint in other 
rooms and olosels in attic. 

Plough all bases together at the angles and put tliem on bcforv 
the npper floor is laid, and allon ^" extra below top of floor. 

AD doors and windows in Rrst-story Hall and Vestibule, Parlor and 
Dining-room, aod hall and all chambers in second story, to have I ^"x 
To ._, 



! drawings 
a Parlor^ ash in 
nd-story hall and chambers. All 
" plain square Iward archi- 
:i, and clsenliere of wood to corre- 



4" architraves, moulded as pur delai 
be of quartered oak in Hall, maple i 
Dining-room, and whitewood in 
Other doors and windons to hai'e -J" . 
travel, of black walnut In Buth-n 
■pond with finish uf room. 

I 7he architraves of doors and windows In Parlor, Hail end Dining 
■Dom will have corner blocks with carved rosettes 
According to detail drawings; all others to b« mitred, and Carntf 
All moulded door-architraves throughout will have ""oc"* 
plain plinth-blocks. Architraves in Parlor, first-story Hall, Vesti 
bule. Kitchen, I-aundry and back balls to be carried to floor [ else- 
where to be cut ^" short, lo allow for carpet. 

All stool-caps to be }" thick, with round edges, of wood to corny 
id with the finish of the several rooms; and la -_^, 
with raoulded finish to have moulding and be 
according to detail drawings; elsewhere to have bevelled board 4" 
wide under. 

Brad all architraves, bases and other moulded work in the quirks 
)uldingg, and set in all finish-nails for puttying. No splio- 



H^AIl 



Inald* Door*. , 



iug of any srclulrava will be allowed, aoil joinia oE bases must be 
carefully mntcheil. 

Front and kitclien ouUida doora U> be made at pine according to 

detail drawings, the front door to be 2j" thick, moulded both Bides, 

with panels raised and carved outside only as sliown; 

tlie liitchen door to be 2" thick, moulded both sides, 

with ptaiQ panels raised one side only. 

All doors Id first-story Hall, Parlor and Dining-room, including 
each leaf of double doors, to be Ij" thick, 8' high, S-paoellud ftccording 
to detail drawings, with Hush mouldings and raised pan- 
els both sides. All to have thoroughly seasoned pine 
cores, veneered willi quartered oak in Hall and Vestibule, maple in 
Parlor and ash in Dining-room. Doors opening between rooms fin- 
ished in bard wood are to be veneered to correspond with tlie rooms ; 
but doors opening from rooms finished in hard wood iuto closet< or 
inferior rooms arc to be veiieerod both sides with the hard wood. 
Doors from Hall to Vestibule to be eiuilar to other doors in Hall 
except that Uio four upper panels are to be filled with stained glass in 
lead work, to b« selected by the owner, but paid for and set by the 
carpenter, and to cost SS.OO per square foot, exclusive of setting. 
All other inside doors throughout the bouse to be 1}" thick, of solid 
whliewood. To be 7' 6" high throughout second story, 7' high in 
Attic, Kitchen and Basement. Second-story doors to be G-panelled 
according to detail drawings, with Bush mouldings and raised ber- 
elled panels both sides. Attic, Kitchen and Basement doors, except 
•ash-doors, to be 4-panetled square with rused panels both sides. 

The door from Laundry to Basement halt-way will 
have sash in upper part, in t> lights, glased with best 
I" ribbed plate glass; the glass and glazing to be furnished by the 
carpenter. 

All doors to hare 1}" rebated and beaded frames of wood to 
correspond with the finish of the room, and all to have |" hard- 
pine thresholds. Veneer frames where necessary to show difFer- 
^^ ent wood on each aide. Sliding doors between Par- 

lor and Hall to have astragal and hollow on the 
meeting-styles. Double front outside doors to meet with the ordi- 
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Dftry bevel, but to liave Iialf ol a turaeil noloaoette jilanttiU oa one 
leaf to protect tLe joint. Vestibule doura aad double doors between 
Dining-room and Uall to meet witU ordiuary bevel, and mouldiag 

Tlie carpenter is to [urnUli all window frames and sasbes, and is 
to deliver the easbej and flash doors, exuepling those wliich he is 
liimiielF to furnish ready glazed, to the contractor for 
paintiug and glazing, and bring tbum baek to the 
building wbun completed ; and is also to deliver all framus for cellar 
windows and doon when required by the mason for building into 
the walls. 

All windowi in Baeemetit except in Laundry are to have 1 J'' re 
bated pin« frames and 2}'' slUa, and I^" pine sashes binged at the 
top, with galvanized hooks and staples to keep tlium 
open, and gtrong japanned iron button fastenings ; ™T*h"' 
and to have heavy galvanized wire netting with }" 
mesh nailed itccurely on outside of frame. Make frame only for 
cold'air box openings, covered with galvanixed netting in the same 



The small windows in Laundry Closet in Boeement and in Coal- 
closet. Pantry, and China-closet in first story, are _, ^ . 
to have rebated plank frames and tj" pine saslies, 
screwed In tight. 

All other windows throughout the building are to have boxed 
frames with pockets, 3" sills pitching 1^", and plou;^hed for shingles 
or clapboards as required, all of pine except bends 
and puliey-«tyles, which are to be of hard pine; and '"'"'""•*""■ 
1^" clear pine sashes in lights as shown, with moulded 
lash-bnra and counter^checked meeting rails, all to be double hung 
with best steel'axle capped brass-faced pulleys, and best shoe'thrcad 
sash-ltne and best iron weights, and well balanced. 

Tnside Imails to be of hard pine throughout, and all put on with 
round-beailed blued screws. Frames in rooms finished with hard 
wood to have a strip of corresponding woo<l veneered on the inner 
edge of the frame. 



Make and put up drc 



n Kilche 



IS per drawings, all of bard 
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piae. To be fi' wide anil 8' bi^-li, inoludiag neat cornice, iritb two 
^^^ cupboard* under wilb elielf la eacli, and tour shel»e» 
above, eDcloscd by }'' aasb dcwrs to sijcje pkst eatsb 
other OQ neta) tracks, with alieavei complete; all to be furaisbed 
read}' );liuDd witb first quality aheet^IasB by the carpenter anil fitted 
up in perfect order. 

Pit up tbe Clilns-clo«et m tbown on drawings or as directed by 
the owner, witb stand for sink and cupboOird under, and four 
iwers oacb side; large cupboard nilli ino ebeivei; 
glasi sbclves G" wide on one side, with open 
fronts, but to buve brackets and neat fancy turneil stundarda ; and 
five Bbelves on Ibo other side, 14" wide and enclosed with }" sash 
doors in Front to slide past eacli other on mmal tracks, all tu be fur- 
nished glazed with first quality glass and fitted up with sbi-avos 
complete by the carpenter. All tbe work in China'^losct to be of 
wbitewood. Fit up alide in partition wilb porcelain pull to run 
aide ways. 

Fit up Pantry with three barre|.«upboarda, wilb 
neat panelled doors and lifting covers, one caec of three 
drawer*, and four shelves running ail around. All of whltewood. 



Ohina-Olout. 






Fit up Coat-closet in wbitewood, with oi 

Oa t^i t ^^"^ '^'' '*''''' *'a''l Compl 
and two rows of hooks. 



! c&ta of four drawers, s 
'iiiiunts, each 8" aqnare, 



Bath-Roofn ■ 



Make stand for wasb-bowl in Bath-room, with cupboard under, 
and panelled door, and four drawers each side, all of black walnut. 
~?ase the bath-tub witb block walnut in one long panel 
n each expotied side with cap of tbe same. Case tha 
cistern in the same way, finishing the angles with a neat quarter- 
roand. Fit up water-closet witb seat, 8" bevelled wall-strips and flap 
only, strongly supported, botli seat and flap to be bung with nickel- 
plated brass hinges and screws : all to be of black walnut. Put blaok- 
walnut atrip and hooks on one side of the room only. 

Basement water<loset to be fitted with whitewood 
^ "*""'*" in the some manner above specified for the one in 

Warar-Oloaet. , , , . .,.,,. 

bath-room, and cislern to be cased with wuitewood 
panelling. Put whitewood lining all around above seat, 16" high. 



Otn*r OioMtfc 
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Make stands for other wash-bowls sbown on plana 
U above specifiecl for the one in bath-room, but all bowlsi 
to be of nhhewuod insteail of block waltiul. 

Fit up ail closets not spcciallj' deaci'ibeil above as marked on plans 
or as iliructed by tlie owner. All closets in second 
■tory more than IS" deep, an J two close te in attic, 
are to have, unless olliBrwise indicaled, a case of three drawers, 
with three shelves over, aad two rows of hooks. The remaining 
closets to have two rows of hooks, and one shelf above. AH drawers 
to have neat panelled or moalded fronts, and to run oa hard-wood 
cantre strips. 

Make lank In attio whore directed, 4' long, 3' wide, and 4' deep 
inside, of IJ" planed pln« plank, with iplined joints, 
to be lined by iba plumber. Make cover to tha same 
of matched and beaded pine shealliiag, hatteaeil on the under side, 

with roundud udgcs, and hasp and padlock (astaning. 

Make strong frame to Bnpport soapstone sink in Kitchen and 
wasb-traya in Laundry, with SJ" ornamental turned lugs, ami put 
grooved drain log-shelf over sink, and neat covers lo ,., . 
waih-trays, all of whitewood. Put beaded strips of ate ' 
wbitewood on walls and ceilings of Kitchen aud Laundry, and black 
ifilnut in Bath-Toooi, for pipes to run on, and case over such pipes 
as may be directed with neat casings of wood suited to the rooms, 
screwed on with brass screws. 

Provide and hang first r|u3lity 1}" outside blinds to all windows^ 
divided and hinged with care so as to fold bock neatly aad without 
interfering. All to have rolling slals in the lower 
balf only. Divided bUnds, and those of fixed win- 
dows, to be hung witli wrought-iron L-hinges ; all others to bo Titled 
oomplete with patent Auloiualic blind-awning fixtures, and all to 
have Waahburii's patent ring fasts, except tliose for fixed windows, 
which aro to have Shedd's patent wire fasts, so ihat they can be 
opened from the outside. 

irds to all outside doors and windows. Those 
tside the sashes on beads put up fur the 
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purpose Those far the doorB U) be hung on the 

""nUSI"* outsiae, with springa lo keop tlicm closeJ, ami brasa 

hook and staple fBaUning. All to be maile in the 

hett maDiier with (rameB of uiuar seasoDcd pine, {" thick, covured 

with suitable wire netting, aod all to he stained, vnroiabed, fittol, 

kod marked corapliite by the carpeoler, nnd neatly stored in a 

e in the attio. 



Furnish outride sashes t 
sonud pine, 1^" Chick, glaz 
lights to correspond with ii 



plates M 



o all exterior windows, to be of cluar tear 
;eil with HreC quality double-tliick glass, in 
r saab, packed with listing around the 
and arranged to bo secured by round-headed 
I frooi the inside to small jiermaoent brans 
D Auab with the outside of ibo casing and 
tlruily screwed to it. Six plates and screws are to i>e provided for 
each window, and for convenience in fixing projecting screws are to 
bv wt in tlie outaliiu sash, by which it can be hung from the edge of 
the upper plates while the other screws arc adjusted. All to be 
made in the best manner, glazed, painted three coats, fittttd and 
marked complutD by the carpenter, and safely stored in a cunvenienc 
place in basement. 

The carpenter is to set all mantels in the best manner, and case 

over for protection until the house h dulivered, 

■KnMlt. removing the casing only for painters' work, and 

replacing afterwards. 

The carpenter is to make mantels to all fireplaces, and also abelvea 

with brackets in chambers which have no fireplaces, 

in the best manner, in strict accordance with detail 

drawings and the directions accompanying them. To be of first 

quality thoroughly seasoned stock to match the finish of the niomB, 

and all well bulled and dowelled together. 

Make strong step-ladder of planed spruce to scuttle 
ill roof: to be movable. 
Fit up shelf along one side of Laundry and Kitchen, 4| feel above 
floor, strongly supported, and put one row of hooks on beaded strip 
Put up also neat roller for towel in 
Kitchen, and book strip over sink, and put 20 feet run 



Ktap-Laader. 
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of ■helving in fiirnace~cellar in tbe moat euitabla place, and liitee 
■bolveB [or butteries aad gas-meter irhere directed by tlie electrician, 
bell-hanger, and gas-fitter, and aning ahetf where directed. 

Make in a suitable place a strong double box of 1^" matclied and 
beaded pine, to contaia ash and garba^^e barrels, vitb 
diriBion between. Each jiart to have battened door *n^^M«.'' 
in front, wttU goad lock and tno kej'e, for removing 
barrels, and lifting cover on top, liung with broM butts, and with 
brass liook and staple failening. 



■aw Knobfc 



Tamponn 



Put base-knobs with inserted rubber W »il doors, of 
wood to match finish of room. 

Fit up strong Qap-t able in Kitchen and one in Laun- 
dry, of pine- 
Make two good coal-bins in cellar as directed, to 
bold ten tons each. 

Build temporary privy for tbe workmeo, to be cleared 
away and the place cleaned out, filled up, and graded ^*p^m| 
over at tbe completion of the house. 

Cut tlie floors for registers and hearths as may be requisite, &i>d 
lit borders neatly around, and cut as required for 
plumbers, gas-litters, and other workmen, repairing naouei 
neatly afterwards. Assist other workmen employed 
in tbe building, furaish centres, patterns for bays, lintels, and rougb 
furring as much as may be oeedtd. 



HARDWARE. 

Thk slidiufdoors between Parlor and Hall are to be bung in tha 
best manner with Prescott's patent balance hungers 
complete; to bave Russell & Erwin's solid bronze •pSJllI^^' 
sunk handles, pattern No. 332, dark finbli, and bronze 
Mtragal-Face sliding-door locks and puSls of tlio same make, pal> 
tern No. 333. 



»H BUlLDtMO 8CFBBUITENSENCE. 

Tke front outside double dours are to b« liung with 6" x 6" Ru» 
sell & Erwio'B fancy tolld broDKU dark linisli acorn 
loose-pin bulls of paliern No. 13, Ibree to each leaft 
will) steel buslilu^ and steel wasbcro. 

All other doors ta Grat^Cory Hatl, Vestibule, Parlor and Dining- 
room are Co be bung witb 6" x &" bronze acorn steel- waslier 
japanned loose-joint butts, three to eacb door or leaf of double 

All oiber doors throughout the building are to be bung vith i" x 
i" japanned loose-joint aoorn butts with steel waabera, two butts to 
eaob door> 

Tbe front door is to have Enoch Robinson'i patent front-door 
^^^ mortise levei^luck, with brass or bronze face and 
striking-plale and nigbl-Utcb, with one key to the 
large lock and four to the night-latcb. 

All other doors throughout tbe building to have Russell & Erwlo's, 
Corbin'*, or Nashua Lock Ca.'s 5-inch monise-locka, with brass face 
and striking-plate, brass bolts, and German -silver or plated koya; no 
two keys in the house to be alike. The outside kitchen door is to 
hare In addition a Yale rim night-lateh, with two keys. 

Tba front outside door is to have Ruisell & Erwia's fancy solid 
bronxe dark linisb Scinch knobs, pattern No. 923, on both iildes of 
one leaf only. Doors in basement, kitchen and attio to 
have 2^inch belt lava knobs with bronze roses Bod 
escnCcheons. All other doors throughout the building to have Rus- 
sell & Erwin's 2^incb fancy solid bronze dark-finish knobs, pattern 
No. S33. Double doors to have knobs ou one loaf only. 

The carpenter is to furnish bell-pulls to front and 
kiWiien outaido doors, to correspond with the door- 

The ouisirle front and vestibule (loors, and double doors between 

first-story Ilall and Dining-room, are to have bronze-metal flush-boH 

at top and bottom of the leaf which baa no lock, ftad 

front outside and vestibule doors will have in addition 

a strong solid bronxe chain bolt. The kitchen oxitnide door, door at 

head of basement stairs, door of banement wator-closot, knd door^.„ 



B Ives' 9 patent 
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of buth-room and all cbiunbera in flecoad story, to ba 
mortise-biilta witli bruoie roses aod bronze keva. 

All cupboard doora lo be bung with braaa butts and 
to have brass uti plate lies. 

Drawers of wash'boni stands to have baDdaoma 
brpEfl drop-bandies. All other drawers to have plain 
japsnneU iron pulls. 

All double-huag windows to have Morris's patent selMocking 
•csb-Caste, to be of solid bronze in first-story Hall, «,,^.»__. 
Vestibule, Parlor, and Dining-room ; bronze<l iron wiih 
plated drops elsewhere, and two pulls on lower sash to correspond. 



Put heavy triple books of japanned cast-Iron in closets s 
places E|>ecified: to be in two rows unless otherwise i 
directed, and to be 8" apnrt in each row; those in 
the upper row to be set over the middle of tbe spaces 
between those in tbe lower row. 



id other 
tpressly 



All brnsg hardware t 
plated screws, bronze oi 
and jfipanntd wiib blue 



bronzed < 



witb brass screwi, platud > 
itb bronze screws. 



Front Stalrm. 



The front stairs from Urst to second story are to have open string, 
EOOnldcd nosings returned at tbe ends and carried around well-room, 
}-incli risers and trends, boused into tbe wainscot oi 
the wall side, the treads plouglicd into the risers, and 
risers ploughed into underside of treads; I}-incb fancy turned balus. 
tors, two to a tread and around well-rooms in the same proportion, 
■II dovetalleil at the foot and tenoned into underside of rail ; 2f" x 
9^" double moulded hand-rail ; 4" x 4" solid turned, chamfered and 
fluted posts at angles, with half-post at upper termination of rail, 
and G" x 5" fluted and carved boxed post at foot; all to be strictl; 



M 
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in accorcluiue witb iletail drswingB. Tho puiitt aad rail are to be tA. 
best Spanish malioganj-, all tlia rest to be of clierry. Outside elring 
on Btairs, aad face-board around well-room, lo bave moulding to 
cover joint witb piaster. 

Tbe back stairs from first story to attic are lo have opeD string, 
roundetl Doainga returncU at tbe ends and carried around well-rooms | 
J-incb risL-ra and treads, the Ireails plouglied into 
risen plouglicd into nnderside of treads, 
and both treads and risers to bo ploughed for the base on tlio wall 
side; l^inch plain round balusters, two to a tread and around well- 
rooms in the some proportion, and mortised at top and bollom ; S" 
X 2j" plain moulded hand-ruil, and 3]" x 8)" solid turned and cham- 
fered post at each angle and at foot, with half post at upper eod of 
rail ; all to be according to detail drawings, of hard pine through- 
out. 

The stairs to cellar are to go down under the front stairs; to 
have }-inch risers and treads with rounded nosings, ploughed for 
base; Ij-loch plain round b.iliistars, two lo a tread, 
and mortised into treads and underside of rail, and 3'' 
X £}" plain round hajid>rail : all to be of hard pine. 

All stairs are to be framed and supported in the beet and strong- 
est manner, on 2" x 12" spruce strings 12" on centres: all lobe thor- 
oughly wedged, blocked and gtued in the best manner, and left clean 
and perfect. The stair-builder is to put on all the face-boards and 
nosings around well-rooms, and is to furnish and put on plain square 
hard-pine base on wall side oF back stairs and cellar etairs, ploughed 
into treads and risers, and is to do all tlie work of housing the front 
stairs into the wainscot. 



Ml lar Stain 



[TJilt f» o/len tneluied In (fts earpcnCtr'i eoncraA. Jf i% 1$ teparattd Us 

OeneraC Conditlont ihoiild precede ihe Sp«eifieallon. If eleclrle gai- 
Ughting it inlrodaced (>«« ipecifieallon btloa) the belli mai/ be Included 
in the conlfact wllh It.] 

Put in electric bells as follows, with annunciator in kitchen, bat- 
tery, insulated copper wires, push-buttons to match finish of rooms, 
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tDiI bells of five ililTerL'oC tones, all put up in [lie best manner and 
warrnnted for Uircc yean : 

Boll from front door to ring in Kitclien and in Atlio liall. 

Bell from Kitchen outside door to ring la Kitchen. 

Foot-bcU from Dining-room to ring in Kitc'licn. 

Bell from Parlor to ring in Kitcben. 

Bell from sccond-storj Hull lo ring in Kitchen. 

Bell from second-story Ilall to ring in Attie Hall. 

The jiulls for the outside front and Kitchen doors only will be fur- 
niched by the carpenter. 

All nires to be run behind tlie plastering. 



ELECTRIC GAS-LIGHTING. 



Wire all the gag ouUcIs in the building witli the best insulated 
copper wire, all concealed behind the plastering. The drop-light 
in first-story Hall is to be wired for automatic burner, to light from 
wall of Hall near door to Vestibule, and also from east wall of 
chamber over Dining-room, just under the bracket outlet. The 
bracket at foot of celliir stairs is to be wired for automatic burner, 
to liglit from wait at head of stairs. All other outlets are to be 
wired for pull-burners. 

When directed, after tlie fixtures are in place, put automatic 
bamers on first-atory Hall Imtern and on bracket at foot of cellar 
stair?, with buttons as above spocilied ; and put four pull-burncra on 
Dining-room chandelier, six on Parlor chandelier, four on brackets 
in Parlor, three in each of three principal chambers in second story, 
of which two niti be on the mirror lijht, and one on braekct as 
directed; one on second-story Hull bracket, and one on bracket in 
Bath-room. All to be of the best pattern, perfectly tight against 



any escape of gat 
complete, and to 



; all fitted up in the best manner, with battery 
be kept in good order free of expense for two 
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PAINTING AND GLAZING. 



Oil bard-pine piiUEa and port'b floors and treads of 
BlepB two coats. 

Stnin «1ieatbing under piazza bdJ porc^li rcxiFs nitb 
one coiit of ligUl oil of c 



Paint. 






all roofs 
■itUa 



! coat ot pure Venotifto red ii 
:oni] coat of pure Indian red. 



Paint all otiier outside wood and metal work two coata, of tlirce 
tint! at directed : tbe first story to be oDe flhatia, the second story 
anolber, and tbe doors and trtminiDgs a tbird. Paint also Iha 
mouldings on belts, etc,, wbere directed, in Venetian red. 
Paint tbe blinds three coals ot color as directed. 
Paint easbes tbree coats of color as directed. 

All liard-wood Boors and borders, including hard- 
pine floors in Kilcben and Basement, are lo hare one 
light coat of oil, and to be finished with hard wax or 
Butcher's Boston Polish, put on in tbe best maDoer 
and well rubbed. Otbor hard-pine wooJ-work, and ail ash and 
whitenood finish, to be filled with oil filler, and to bare two coats of 
Pellucidite, rubbed down with emery cloth and oil. The raapli 
Parlor is [o bo filled with oil filler and to have three coats 
I shellac, rubbed down with emery cloth and oil. The 



Inalde. 






of wbil 
cherry aia! 
inalio<:any, 

Pellucidite, 



the beat miinner to imitate 
id finished with two coats of 
ibbed down with emery cloth and oil. The mabogany 
i are to bo filled and varnished with two coats of best 



filled 



Mpal rarniab. Oak wood-work in Hall is lo be oiled one light coat, 
and finished with Bulcber's Boston Polish, or hard wax, well 
rubbed. The pine in Attic hall and large room is to be oiled one 
coat and varnished with two coats of copal varnish. Other wood- 
work in atiiu is to bo painted three coats of pure xinc white and 
oil, to finish with a plain oil surface, not Hatted. 



IniitU of Bashes 1 
tftrnislieil. 



I vtnined cherrj color i 



All matorials are to bo oF the very best quality. Pure lingeec] oil 
only 19 to be uaetl. The body for inside work is to be jiitre zinc 
white, and for outside woric lo bo the best French ochre. No lead 
to be Ufcd for outside work uitlens expressly directed, and in that 
caie to be pure [Jeivclt's], [Union] or [Sa/em] white lead, 

Pii:ty-»top tliorouirlily ond smootldy nil work inside _ 
and outside niter tbe [irst coat nod before the last 
coat, coloring the [lutty lo match the wood after darkening. Cse 
wax suitably colored instead of ordinary putty, 
wherever wax Dnisb or Butuher's polisli is specified. 

Cover all knots, sap and pitchy places with strong shellac, and 
kill knots or pitch with liine wlierc necessary. SanU-paper all 
ln«ide wgrk, rubbing with the grain, and clear out all 
mouldings liefure the Hrst coat, and sand-paper after 
aach coat oF paint, shellac, Pellucidite or varnish except the last. 

GLAZING. 
[7A(l lialmott invariablg liKladedin the oontraci /or patnllng-l 
Glace all inside and outside sashes, except thnse specified lo hb 
furnished ready gliized by the carpenter, in lights as shown on 
drawings or as diroct«<l, with Grst-qunlity double-thick French or 
German glius; all well bedded, puttied, back-puttied, and tacked, 
and all repaired at the completion of the building, tiioroughly 
cleaned and left whole and perfect. 



PLUMBER. 
Uf thtt ii made a leparata contract, ai U vruallv »houlJ be, the fall tltlt 
and l\e Oftural CoTtditiOTU mini preeetfa the Spte(fii:atlon.^ 
There will be 
In Batmenl: Set of four wliitu earthenware Wasli-Trays. 
Cold Siippfy to Wash-Boiler. 
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One [lleUyer'M ihort Artisan Hopper], with bpsI attachment 
anil preiiminary fluah. 

Sill-Cock. 

Furnace Supply. 
fn First Slori/: One Soapalone Kitchen Sink wiih draining slielTcs 
and wall-plates. 

One fiO-gatlon Bath-Boiler. 

One Pantry Sink. 
In Second Story: One Bath. 

Three Wash-Basins. 

One [Zf. C. Meyer Ir Co.'i] Brighton, Water^loset. 
In Third Slory: Tank. 

All iron pipes, including both waste snil air pipci, to be of the 
best quality, [Jfolr'ij or [^Srail^'t] make, with all proper Rttings ; 
3 horizontnl portion of tlie main soil-pipe in base- 
ment to be ilouble-tbick ; all oilier iron pipes to bo 
tingle- thick ; and all to be thoroughly coated inside and outside in the 
best manner with ASphallum before putting up, and the ontslde to 
have a »econil coat afterwards : all to be put up in llie best and 
ttrongext manner nilli iron hooks and stays, and the joints t»a]ked 
with oakum and melted lead. 



Iron Plp«s> 



Laad flpfl*. 



All cold-water siipjily. air, and waste pipes under 2" 
ire to be bc;t drawn lead, and to weigh as follows : — 
Rising-Main: J inch to weigh i lbs. per foot. 
Other Sitppli/- Pipes: 

1-inch to weigh 5 lbs per foot, 

1 < 

I ' 

I 2 " " " 

It'iwfe, Air and Overjtovi PipM : 

2-incli to weigh 5 lbs per Foot. 

U s 

llot-water pipes throughout to be o[ National Tube Works' bolt 
seamless drawn plumbers' brass tubing, with brass fit- 
tings, all put togetlier with red lead in the liest man- 
ner and made perfectly tight. 
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, Waat*-Pip«Bi 



All leaJ and brass pipes are la be put up in tlie beet iDaniiur on 
boai'da set in place by the carpenter. The lead pipes are to be bb- 
eared trilh hard metal tiLclcs or brass bands and screws, and brui 
pipes vfith bnae bands. No liooka are to be itB«d. The hot and 
cold water pipes arc to be kspt at least ^" apart everywhere. All 
Joints in lead pipes throughout are to be wipeil joints no cup-jointi 
to be permitted anywhere ; and alt brass pipes are to be put up with 
Tiglil-anglcd turns so arranged as to allow free expansion and con- 
tiaclion. All connections between lead and iron pipes and traps 
are to be made with cast-brass Eerruloa, of the Mine sixe as the lead 
pipes, soldered to the lead pipes with wiped Jointa, and canlked witk 
oakum and melted load into the iron pipes. 

The waste-pipes are lo run as follows : — 

The main 4-ineh soil-pipe is to be extendeil through the north side 
of cellar-wall, and jointed air-tiglit with clear Port- 
land cement into tlie drain-pipe outside. From this 
point it is lorun witli uniform pilch alonji the cellar-wnll, and under 
floor of basement water-closet, to a point in Laundry under second- 
tlory water-closet, with 4-inch Y-branch to receive trap of basement 
water-closet, and S-inch Y-branch for wostc-pipe from Laiindrjr 
wash-traye, then turning up on Laundry wall with 4-inch Y branch 
anil 4-incb brass trap-screw caulked in at the turn for cleaning out 
the pipe, anil running atraiglit up on Launilry wall through the 
Kitchen floor and Batli-room with 2-inch Y-branch below Kiteben floor 
fop wK«te-pipe from Kitchen sink, 4-inch Y'-branch IkIow Bath-room 
flcNiP for pipe from trap of water-closet, and 2-inch T-branch above 
all other conneciions for air-pipe from traps; and thence straight 
up through and two feet above tliu roof [ Ihu top to be protected with 
brass wire netting, and a flange of I8-01. copper, 18" square, to be 
■oldered on to protect roof, shingtcil in and warranted tight. 

Carry a S-inch iron pipe from (he connection provided for it in 
Laundry with uniform piicli on north wall of Laundry to the corner, 
there turning, with Y-branch and 3-incU brass trap- 
■erew for cleaning out, occessiblo from the vegetable- """yf^^f* 
cellar, and continuing with the same |)itch on east 
wall of Laundry behind wash-trays, with Y-branch for pipe from 
trap of wash-trays, to a point nearly under pantry sink in first story, 
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and lliero turniog, willi Y-brancli aod 3-int'h brass trap-screw at 
the turn (or cleaning out, nnd cnotinuiag up on Laundry trail to 
China-clusot, with l^ioch Y-brancb under flour For vaste from pan- 
try link, and up tbrougb Cliina-closut and cloauls over it, villi doubl« 
l^incli Y-brancb under second-alory tloor for wastes from wasb-ba- 
iins, and 3-ieicli T-brancb for air-pipa from traps above all otber con- 
nections and tlicnce stroiglit up tlirougli the roof and S Feet above, 
will) brass wire netting on top, and IS" x 16" flange o( IS-oz. copper 
(oldured on and all warranted tigbt. 

Carry a 2-inch iron aii^pipe. nil caulked air-tight in the eame way a( 

oilier iron pipes, from trap of basement water-closet beside the main 

il'pipe to the connection with soil-pipe provided for 

iu Batli-Toom, with I-incli T-hrancli above Ijath- 

room floor for connection with lead ai^pipe from traps of sink in 

Kilcben, and wasb-hasin, batb and water-closet in Bath-room. 

Carry a separate 2-inch iron air-pipe from trap of Laundry naab- 

trays beside the 3-inch wuste-pipe to the connection provided for 

It in second story, with 1 j-incb T-branches to reoeive air-pipes from 

trap oF pantry sink and second-story wasb-basini. 

The plumber is to apply for j-incb service-pipe from ttreet maiD 

to houee, and pay all uhargBs, if any, (or it, and is. 

when called upon, to furnish and fit up temporary 

cock in cellar to supply water for building. As soon as the bouse 

is plastered be is to complete the permanent aiipply-pipea aa follows : 

Carry ^inch four-pound rising-main up on cellar-wall and whIIr 

of Laundry, Kitchen and Uath-room to tank in attic, 

RlalnK-Maln. with Btop-and-waeCe cock at cellar-wall, and branchea 

as follows : 
In BaiemenI: — j-incb branch to Sill-cock, 
^nch branch to Furnace Supply. 
J. >■ 11 u Water-closet cittern. 
J- " " " Laundry wash-trays. 

la Kilehen : ~~ ^inoh branch to Kitchen sink. 

J-incb branch to China-closet, running on Kitchen ceiling, and 
dividing in China-closet into three )-ineh hranclief^, one of 
wbicb is to supply the pantry sink, and the other two iha 
wasb-basina in second-story chambers. 
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In Baih-roont : — j-incli branch to bath ; llic same tn supply wash- 
bowl by n ^incli brancli. 
j-inch branch lo Walerniloiet cieterD. 

Every brnoch from ihe rising-niBin is to have snparale a[o|i-aui- 
wsBtecDck in a convenient place, and bo arranged that the pipes can 
be completely drained of watvr ; and each of the 
tliKie brandies in Chiaa-tloset is aUo M) have aepa- •"'>-""<'- 

_ , . ', Wa»i« OoGKB. 

rBlo MO p-una- waste cock, to sbutoS the pantry stnka 
or either basin and empty ibe pipes at pleasure. All stopand-naste 
cocks to be finished brass ground cocks of the best quality. 

Line under and behind all pipes and traps above tLe first fioor 
niih cluven-ouDce zinc, the horizontal joints to be well soldered, and 
tho upright joints to bo lapped. Tliis lining is to enclose completely 
all pipoa, to protect ceilings and walls from any defect 
or leak, present or future. The lining to be graded 
te certain points, and to be connected with l-inchilrip pipes to run to 
basement, ruid empty over cistern of basement water-closet ; the end 
of tho pipe to dip below tbe water-Uno of cistern. 

Line with 16-oz. tinned copper in the best manner the tank in 
attic, 4' X-!' X 4', to ba furnished rea<ly for lining by tbe carpenter- 
Supply from the rising-main, witit |-inch finished brass compression 
baII-«ock and 6-inch copper float, and put in Ij-inch 
boiler valve, with {-inch pipe to l>oiler, and 1^-ineh 
lead overflow pipe, to be farried down beside rising-main am 
empty over kitchen sink, with the end over the sink turned ii 
form a trap- 



Pipe Lininc 



Tank. 



>ter will be supplied to Laundry wash-trays, 
ink, pantry sink, bath, and three wash-basins. 



Hot 

Kitchei 

Furnish and fit up in Kitchen, beside range, a 50-gaIIon [5. D. 
Uich j- Sonl firatKiuality, warranted copper batli-boiler, on Lock- 
wood pattern cast-iron stand, to be connected to water-back o( 
range with t" brass pipe and ground-plug lediment-cock union 
coupling, and to have waate-pipe carried to the waste- 
pipe from kitchen sink. The boiler is to have three 
brass pipe-couplings on top, one for the supply from tank, and the 
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otberB for two nepnrBle }~incb hot-irater oupplies. One of these Is to 
be carrJod on Kitchen ceiling, irith j'inuh branch to Kitchen sink, 
thence (o Bath-room, with f-incU branch to bath anJ ^incli branch 
to nasli-Wsin, and to coniinuo on Bath-room wall and ceiling to 
cunnect with the Eup|ily-pipe (roiu tank to boiler for circulation, 
and a J-inuh expiui»ioa pipe !□ be carried from the bigbcat pointof 
the circulation pipo two feet above the tank, and turned down over 
the mouth of the overflow pipe. The i>ther (-[nch hot-water supp!)'- 
pi[>« is to be carried on KituliHR ceiling to Cbina-closet, with J-inch 
branch down on Kitclieu wall to Laundry wash-trays, and J-incli 
brancli to pantry sink. Beyond the Chimt-closet it is to divide 
into two ^inch branches, cxtendiDg to wasb-baaiat in second-story 
cliHinbura, without any circulation or expansion pipe. 

Put three flniebed brass stop-and -waste cocks on hot-water aupply- 

pipes iu China-closet, to shut off piititry sink and wash- 

atop-and- basins in second-story chambers separately, at pleM- 

Wa*i« eockfcyfg^ an J j^„i„ ti,e pipes. Put two cocks of the sane 

kind over Kitchen sink, to shut u£F the sink or the Batli-room Tixtures. 

Furnish and fit up in Bath-room and two chambers in second story, 
where shown or ilirecled, three beat 16-inch white cartbenware 
orerdow ground wash-basins. Each to be supplied with hot and 
cold water through ^inch pipe, and So. 4 extra silver-plalttd cast-tube 
compression basin-cocks i and to waste through plated socket and 
■trainer, with plated plug and chain-stay, boiled to the marble, and 
plated safety-chain No. 1, I^inch load pipe to main 
wastes with l^inch lead S-trap close to the outlet, and 
brass trap-screw, and l^inch vent-pipe to main air-pipe. Connect 
the overflow with the traps by II-iDch lead pipe, entering below 
the water-line, to prevent circulation of air. 

Cover each liasin witli l^inch, t>eat quality, blue-veined Italian 
marble slab, dished, witli all free edges ogee moulded, and with |-inch 
wall-plates of the samo marble, IS" high, with ogee-moulded edges. 
Basins to be secured to marble with three brass basin olamps and 
bolts to each, and the joint to he made tight with plaster-of-Paris. 

Furnish and fit up in Bath-room, where shown or directed, one 6- 
foot SO-oz. [_Steegtr'»l tinned and planished copper overflow bath, to In 
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■iipplieil with Lot and cold water through |-iQch pipe and |-inch extra 
silver-pliited cooiprcssion bnth bibb^'ock^ ; and to waste through 



plated soolcct anil e 



witli plated plug and 



•1 safetjr-cha 

lead pipe to main waste, and 2-inch leaj S-trap, with brass trap-acrew 
and 1 ^inuh Itad vent-pipe to main air-pipe. Cannect tlie overliow to 
Jie trap by IJ-incli lead pipQ, entering belotr the water-line. 

Furnisii and (it up in Ctiiaa^luscl, where shown or directed, one 
[S(«ffer'j] aj-oz. tinned and planisbed copper U"x 20" flatboltomed 
overflow pantry sink ; to ba supplied with hot and cold water 
through tall extra BJIver-platcd upright coru couipresKion paniry- 
coekt, with Bcrew nozzle for cold water ; and lo 
waste through plated socket and strainer, and S-inch 
bra«BDo9ioii vraste^cock, withsilvei^platvdplatuandlover.and l^inch 
lead pipe lo main vraele, with 4-inch round trap and 4-inch bras* trap- 
screw, and I^-ioch lead vent-pipe to main air-pipe. Connect ihe over- 
Qow to the trap by I^'iach lead pipe, entering below the water-line- 
Cover with IJ^inch be^t quality, blue-veined Italian marble slab, 
dished, with al! free edges o^ee-mouldcd, and with {-Inch wall- 
plattis of the same marble, 15" high, with ogee-moulded odgi<a. 

Furnish and fit up in seeoad-Btory Bath-room, where shown, one 
[JJ. C. Meyer fr Co.'n] while earthenware Brighton water-closet, and 
wooden cistern, linad with 16-oz. tinned copper, \6"x lG"x 24", ineldB 
measurement, with {^Meyer't] 4-iDcli bras« ciatern- 
valvB, brass compression or Fuller ball-cock and 4-incIi ^J^con^'sicT'' 
tinned copper float, cranks, lever, and plated safety- 
chain No. 3, polished black handle complete, and Ipnch aj-lb. lead 
pipe to basin, and l^inch overflow carried into basin supply. To be 
conneclecl to branch of soil-pipe by 4-inch lead pipe and brass ferrules, 
and a 3-inch lead vent-pipe to be carried frotn this pipe to main air- 
pipe. Connect the ven til all on -pipe from back of closet by 2-iiic!i 
pipe to range Que in cliimncy, making alt tight. 

Furnish and fit up in Basement, where shown, one [/TeWyer's] 
white earthenware short Artisan Hopper water- 
closet, with flexible metallic connection, and wooden Bg^montT ' 
cistern lined with IG-oz. tinned copper, IG" x 16" 
X 24", inside measurement, with 24-oz. two-gallon eervicC'box, 
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br&sB compreMioQ bull-^ock and 4-iach tiuneil copper float, and 
iMej/er's'] 4-ii>cli bmia ciEMrn valve, cranka auJ all attacLmeaU 
complule Eor aulomatic suat^upplj/ willi prelioiinarv and after Autb, 
and I^iiick 3^ lb. luad pipe to buMii irith l^incU oversow toanccteil 
to biuiii supply. To wnate tbrougli l-iiicU lead pipe to briuicli of 
■oil-pipo, and a I-inc-U lead vcat-plpo tu be carried Troiu trap lo main 
air-pipe. 

Put Motl's enamelled iron ilop-Mfe, of suitable 
sliape, over bowl of each water-clowt. 

FiirniEb ami Rt up in Kitclieo, wbere sliawn or directed, one beat- 
quality auapstonc kitchen sink, 24" x 48" x 8", with grooved Boiipstono 
draining slielf aod houji-disli, and aoajistono back 18" 
bl^li 1 to be supplied with but and cold waWr tbrougli 
f-iDcli pipe and J-inob finiabed brass coDi|)raBEiou-i.-ocka, the cold water 
cock to have acrow nozzle ; and to waste tlirou^di 6-iDch brasa ces»- 
[Kxjl and strainer, and S-incb lead pipe to main wastc,witb G-inch round 
lead trap and 4'incb brass trap-screw, and S-inoli lead vent-pi|>e lo 
main air-pipe. Sinks to stand on wooden frame furniabed by tbe 
carpenter. 

Furniab and put up in Laundry, wbere abown or directed, a 
aet of four wbite eartbenware waeh-trnys, of die Moralian Ceramic 
Co., one to bave rubbing board formed in tbe jiorcelain. All lo be 
:t complete by the plumber, and each to be supplied 
><iih hot and cold water through f-inch jiipe and 
J-int'll finished braaa comprcasion waab-tray cocka. To waste 
Ibrou^b beat l^inch silver-plated wash-tray itraiuera and eaup- 
linge, with plated plugs, cliain-atays, and plated safety ch^it No. S, 
anil to have one 6-incb round load trap for tbe set of four trays, 
witb 4-incb brass trap-screw, and separate 1 J-inch lend wa»te-pip« 
from each tray, all entered into tbe trap below tbe water-line, willi 
2-inch lead outlet pipe from trap to main waste, and 2-inch lead 
rent-pipe from trap to main air-pipe. 

Supply the wash-boiler, to be furnisbed and set by the mason, 
vriih cold water only, through |-incli lead pipe, carried 
Wash-Boiler ^l^^„^^^^ top of boiler and neatly finished, miU f-inch 
finished brass ground stop-cock on tbe pipe, in a con* 



Waah-Traya. 



Supply. 
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Tenient position over the bdler. There will be do wn.-^te to tliis 

Bore through the lill of botiiw under middle of front bny, or el3» 
nrlierc nberu dirucled, and put on ouisidu a }-iDch 
pUted tiutupressiou sdl-cuck, with Ecrevr for hu^c. 

Furnifili unJ Gt up on pier next to turnsce n ^inch f^,f„^f.a Sup- 
6nislied bmafl compreacioa bibb-vock for drnvriiig p)v> 

Line under nil fixtures of every kind nliout tlm basetiitnt wiih 4-lb 
iheet lead turaoil up 2 inches all around, and to huve cuntcx hvnts 
Btraiiier and I-lnch drip-pipes i:arricd to baeumeut aud 
eoiptyiug uter cistern of baaeueut wattsr-ulosut ; the 
end of pipu tu dip below water-line of cittern. 

All the work h 1o be done in the eery best, neatest and mosi ibor 
ough manner, tested by turniiig the water on to eaoU part. All de- 
fecta to be made ^ood at the completion of the building and all left 
perfect anil warranted for two years. 

As aoon aa the pipes and trapa are ready the traps are to be filled 
with water, and tlie whole system tested by (.■losing all air-pipes and 
Other crutluls, and pouring 6 ounces of oil of pepper- 
mint into (be top of the main soil-pipe, followed liy •"•w.Mrm'n' 
two ur tbrea gallons of hot water, and imniedialcly 
closing the lop of tiie sinl-pipe. This is to lie dune in the presence 
of the architect or of some person appointed by him, and if any 
odor of the peppermint is detected in any part of the bou^e the 
plnmber ia at hia own cx]iense to search for and find the defect or 
defects which may have allowed the vapor of peppermint to encape, 
and maku them all good. After repairing the defects so dlBCovered, 
the test ia to be repeated in the same way, and any further defects so 
detected are also to be made good at the plunil>er's expense, until 
the whole is satisfactorily proved to be tight and perfect, ami all 
work is then to be reaiored and replaced in good order; the whole 
cost of making such repairs, and of removing and replacing otlier 
work disliirbed to ulitain access to the pipes, with all expenae of 
making good any damage so occasioned, and indemnity For delayi 
to other coutroclors, to be paid by the plumber. 



GAS-FITTING. 
[The gai-JUti7ig U often InclwUit In the plumber'i eerUraet.} 



riptitf 



PiFK tlie bouse for gu in the best maancr in acconlnace with thi 
regulaitoDs of the Gaa CotDpnny, wicb outlet* as 
markeil on plans, [aeeen(i/-lu>o'] outlets in all. All 
pipe to be best wrougLt-lron, and all fitlings uniler 2- inch to be of mftl- 
lesble iron- All tu be put togullier with reU lead, capped, tested and 
provt>d purfuctly tlglit before any plasleiing is dooe, and tlie caps 
left on. All plpca are to be laid with n fall towards the meter, whicb 
is to be placed [in Jamace-cellar near meat tcindoin] and all are to be 
well secured with hooks and bands. 

The gas-fitter is to call upon the carpenter to Uo such cutting of 
imbers as he needs, but no beams are to bu cut, notched or bored at 
greater distance tbaa 3 feet from the bearing; di'op-llghts where 
'equisite to be aupplied by special branches. All nipjilcs lo be of 
lunjjth for putting on fixtures without alteration, and all lo 
be exactly jierpendicular to tlie wall or ceiling from which they pro- 
ject. Bracket outlets in all Halls and passages. Parlor, Dining- 
■ooro. Kitchen, Bath-room, Furnace^cellar and Basement Waler- 
closet, to bu exactly 9' 6" above fialsheU dour ; elsewhere to be 
exactly 4' 9" abuve finislieil floor. Mirror light outlets to be 8' 
above fioiahed floor. 

Apply and pay oil neceasary charges for service-pipe from street 
main lo inside of cellar-wall, and connect the servlce- 
""MMBrl"* I''P" *'"' lionso-pipes with the meter in the best man- 
ner, with stop-cock on the street side of tbe meter, 

and leave nil perfect. 



HEATING. 

Furaish and set where shown or directed in Basement one best 
quality [iVo. 2i Petrlai\ brick furnace, including galvanixed-lron 
inverted cone top and covering bars, 8-inch galvanizerl-iroii smoke- 
pipe, tin hot-air pipes, register-boxes, registers, soapstone borders. 



•IM or PIpM 
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plutering rings, wire nettinga and daroiiers complete, and includlnj 
klao all (jBrtat;e, Iran 9 par tat ioa and labor of everjr kind except only 
mason and carpenter work. 

In Pint Storij! TLe Front Holi is to liavo 12-iDcli pipe and 12" s 

The Back Hall is to have 12-incb pipe and and RbbIsi 

12"xl5"rosiBter. 
TLe Parlor ia to have 12-iauh pip« aod 12" x IS" register. 
The Dining-room is to h»ve 12-inch pipe and 12" x 16" reg- 

In Second Siory : The Chamber over Dining-room is tohnve lO-incb 
pipe and 10" x 11" register. 
Tlie Chamber over Parlor Is to ha*e 10-inch pipe and 10" x 

The Chamber over Kitchen is to have 9-iach pipe and 9" x 

12" register. 
Tlie Chamber over Hall is to have fr-inch pipe and 9" x 12" 

The Dresfiing-room is to have S-inch pipe and 8" x 10" reg- 

The Buth-rooro is to have B-incb pipe and 8" x 10" register. 

Each room is to have an independent hot-air pipe and atl hot-air 
pipes to be double where they pass through Boara or partitions, or 
behind (urrings. The pipes are to be carefully arranged so that all 
may draw ecjunlly, with easy turns at every change of direction. All 
register-boxes are to be double ; all ttn-woric to be of XX bright tin, 
and all wood-work within 1" of any hot-air pipe, -or within 16" 
of the smoke-pipe, to be protected with pieces of bright tin, securely 
nailed on. All registers are to be of [^Creamer's] make, all placed 
where shown oq plans or as directed ; the one in Parlor to be nickel- 
plated ; all the others to be black japanned. 

Make and put up a colJ-air box of galvani zed-iron as shown by 
blue lines on pbn, to be 22" x 31" in lection, all riveted together in 
I the best mannet', and strongly secured to cellar cell- _ ,j ,, _ 
f log. The moulli at each end to bo flanged out to pro- 
} (ect the joint with the frame, and to have strong galvanized- wire net 
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ting^ i" mesh, over the opening. Put a sliding damper of galvanized* 
iron in each end, and make door 24'' x SO'' for cleaning out, with 
button fastening. 

Furnish and put on in the best manner [ White's] automatic rega« 
lator, to act both upon the check-draught and the 
damper in the smoke-pipe, and leave all in perfect 
working order. 

Clean up the iron-work and leave it neat at the completion of the 
building, and furnish a shaking handle, poker and iron shovel. 

Furnish and fit up where shown in Kitchen one No. 5 [^Carperi' 

ter^a] Range with water-back and couplings, and plate-warmer, all 

to be set complete, including all transportation and 

labor except mason-work. Clean up the range and 

leave it neat at the completion of the building, and furnish at the 

same time the usual list of tin and iron ware. 

Furnish and set up where directed in Laundry a [ Walker's] No. 
1 stationary laundry-stove, with galvanized-iron 
' smoke-pipe and zinc-covered stove-board complete : 
all to be left neat and perfect. 




Not the least important of the young srchitect't dutie* ia tliU ol 
giiaiiling the intereats of liia employer by meana of a clear and e»- 
plicit contract n itli each of tlie mecbanics employuil on liia building. 
In general tbe arcUitect Limself will bave to ilrair ap tbcio initru- 
I, tha orJinary printed forma being quite ioadeijunle fur the 
purpose, iind lie will find the ta»k not always an easy one. While 
it ia incumbent on Uim to secure the boat and safest terms for hi» 
emploj-er that the contriiciors will agree Ui, be has no right to use 
unfair muauB to induLfi them to si^n their names to alipulaUonB of 
which they do Bot fully understand the meaning', and if lie wishes 
to be able to enforce the contract in case of need he cannot be too 
careful to expruaa in the plainest language every point upon which 
it may suhsecjuently be necessary to insist. 

In order to provide for all possible contingencies it 'i* necessary to 
define tlie rights and duties of the parties under a great variety' of 
c ire urn stances, and a gooil contract will for this reason be somewhat 
long; but this is butler than a condensation wliich leaves loopbol«B 
for evasion or dispute. 

It must not be forgotten tliat contracts are often entered Into nn- 
thinlcingly, which may prove very disadvantageous for one of the 
parties, and the architect must be careful to protect his principal 
from such mishaps. Thus the making of a bid for work by a me- 
chanic, and its unconditional acceptance by the owner, or the ar- 
chitect for him, constitute a valid agreement, by which the mechanic 
is bound to do the work, and Uie owner to pay for it, perhaps with- 
out any stipulations as to the lime of completion, the terms of pay- 
ment, or other very important matters, which may have to be decided 
afterwards by costly litigation. For this reason many architects ac- 
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uept a temlur only upon ttie canililion that a gatisfiictor 
Bhall bo signed Ly tliu partjr offering it; but siicli ti L-oniillioaal oc- 
CL'ptant^e does not bind llie letter, »lio is tben at liberty lu witbdraw 
Lis bid, if lie oliiroscs, U anjrtimo before ttie Qn&l ngrecmuot i» si-pied- 
IF, therefore, anv- tender iliould be particularly advanlageou*, il mAy 
be desirable to prevent iCa withdrawal by a prompt and definite ac- 
ceptaacc, and ia order that this nay carry with it by implicatian 
the coD*ent of the parties to at leait tlie more important cUumb of 
an ordinary contract, it is jsual to employ the device of General 
Conditiona, which are prefixed to evvry tpecitication, and constiiute 
■ part of it{ and since the tender i* always for doing worlc or fur- 
niahing material according to the specification, the general conditiont 
will be included In the terms to which the bidder oSert to conform, 
and will be binding upon him iC hit bid U accepted. An the guoeral 
conditions relate to the duties of the merhanic, not to those of the 
owner, the former will usually be very willing to exchange the one- 
sided agreement constituted by tliem, under which, for Instance, the 
owner would not be riHiulred to make any payments before the com- 
pletion of the work, for a new one, defining ihe rights of both parties; 
and the new contraoC may, and should, comprise the substance of 
the general conditions of the specifications, expressed in nearly the 
same words. 

A building contract is usually divided into two portions, the first 
of which is the simple agreement of one party to do a certain work 
for Ibe other within a certain time, in conslderalion of a certain pay- 
ment, which iho latter promises to make; while the second comprises 
the conditions which explain, or modify llie priacipa! agreement. 
The first portion, comprising the essence of the contract, should b« 
drawn up with special cnre, and although expressed in (lie briefest pos- 
sible terms, it should be made to include the points regarded as most 
important. In Engliab contracts the principal agreement is general- 
ly written without any punctuation except perioits at the cmls of the 
sentenccBj the object oE this being as much to enforce clearneBS of 
expression as to prevent the possibility of fraudulent or careless 
change in the sense by the alteration of points, and the practice 
seems to be a useful one. The conditions which follow may hare 
ordinary punctuation or not, but it is not easy to make them inteUigi- 
ble without it. 
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Whether contracts ehoulil bo sealed by the sigDera or not is p< 
bnps doubtful. A simple agreement, in which a conEidcration 
expre»ed for each promise, iroutd not require teals, 



iiipulations ol a 
poseiUly be regarded as promises tg 
; apply. Bud a Hal ivould be required 
'. seems to be a reuonable prccautioo 



I the many and v 
building contract some might 
whicb Ibe consideration did not 
to make tlicse valid : so that il 
to affix lliem. 

In some states building contrauti must be recorded by the proper 
public officer, and the la» in this respect should be ascertained by 
architects practising beyond the bouodaries of tbcir own slate. The 
statutes in regard to llie liens of mechanics and maturial-men also 
irary in different stateti, and are frequently changed, so that some 
care is necessary to lecure owners absolutely against loss by tlie dis- 
honesty or bankruptcy of the builder. In most states the right of 
mechanics to file liens against a builrling or estate to recover the 
amount of their wages for work upon it is barred at the expiration 
of thirty days from the time that they cease their labor, so that if 
the record after this time shows no lien to have been filed, the con- 
tractor may be paid the balance due him in full, without fear that 
the workmen can demand an additional sum. Where rixty days or 
more are allowed by law for tiling liens, the last payment to the con- 
tractor must be deferred until after the lapse of this term, allowing 
a few days more to give opportunity for examining the record. Lient 
for materials furnished to n contractor can in most states only be 
claimed by giving notice to the owner of the building in which they 
are nsecl, before they arc delivered, that ho will be held responsible 
for the price of them, and ho can then retain the amount out of the 
payments to the contractor, or he can notify the dealer that he will 
not receive them, and the latter can then only look to the builder for 
his par- 

With these explanations, the clauses in the following form of con- 
tract will be sufficiently clear. The insurance clause may need 
modification according to circumstances, but the important points 
are to make sure that thu builder's interest will be covered, so that 
in case of loss he may 'not bo thrown into bankruptcy, to the injury 
of the owner ; and to define clearly the mode in which the policy 
ihall be taken out and paid for, so that the building may not be left 



un|)rot?Gted tlirough any misunderstBading between the cm 
contracUir t* to each other'* dnCj'. 



CONTRACT FOR BUILDING 



Made this JiJUenth day of September in the year ISBS by and be- 
tween Jame$ Johnsan of Albany En the County of Albani/ and State 
ot Neva Yorh party of the first part and Thamat Srailh Itichard 
Smith &nd Henry Smith of Melrose in the County of Rensselaer And 
State nforesBid copartners doing bu»ine*> under iht firm ttamt and 
ityle of Smith BrolJier» builders party of the second part. 

The said Smith Brothera party of the second part for themselve* 
anil each of them and each of their heirs execators adminiatratora 
and assigns hereby covenant and agree to and with the said party of 
the Grst part his Leira and legal repreaen tali res in consideration that 
the party ot the first part agrees to perform the consideration herein- 
after mentioned to make erect build and finish for the eaid party 
of the first part hia hcira and assigns a dwelling-bouse on land of 
said party of the first part on Fairfield Street in said Mclrost in- 
cluding all the excavation and grading maaon-vrarh plat^fering car- 
penler-<Bork roofing painting and glazing but exdaiice <^ plumbing 
gag-fitting and heating and to furnish all the materials of every 
kind labor ccalfoldJng and cartage for the full completion of the 
said excoBation and grading maaon-iBork plastering carpenter-work 
roofing painting and glazing and they agree to supply said work 
and materials in strict accordance with the drawings and spucifico- 
lions made by Edward Tyro of said Albany architect which said 
drawings and specification a are and are to be taken and deemed to 
he a part of tliis contract by both the parties thereto and all thing* 
which in tlio opinion of the said architect may fairly be inferred 
from such drawings and specifications to be intended without being 
specially stipulated are to be taiten as eipfessly spiecilied and all 
the materials are to be supplied in suflieient quantity and where the 
quality is not otherwise described in the specifications the best 
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quality of msli.'rials is speciltcallf implied throughout and the 
s&id Smilh Brothers party of the second part covenant to perform 
Ihc whole of tiieir a^eoment in tlie lieat most subnlantial nnd most 
worlcmantilce manner aubject to tlie dircclion.i from timo to time 
and to the natisFaction of the said srchiloct or liia Buccoasor ap- 
pointed by the parly of the first part and to deliver tlieir work 
completely finished on or before ihe Jijleenlh day of April next. 

And the said party of tbe 6rrt part iiprcby promises and agreei 
in consideration of tlic promise of the pany of the second part to 
perform thu Foregoing covenants to pay to ths said party of the 
second part the sum of six Ihotuand four hundred and nineiy-ieeen 
dallart {JS,497) in four several payments as follows: — 



The second payment to be Fifteen Hundred Dollars (SI.SOO) when 
ftll the outside work including piazza and porcti is done and painted 
one coat and the mason-work and plastering finished and thn sashes 

The third payment to be Fifietn Hundred Dollars (Sl.SOO) when 
the standing finish is done and tlie upper floors and slair« completed 
■nd the second coat of paiot on the outside. 

And the balance Ihirly-three days after the said work sliall have 
been completely finished and delivered and accepted by the said 
party oF tlie first part unless some defect shall meanwhile have 
been discovered in tlie said work. 

Provided however that no payment shall be made except upon 
the cerijlicate of the said architect or his successor that the work 
for which said payment is to he made is properly done and that 
the payment Is due such certificate howi-vcr not exempting the 
parly of the second part from liability to make good any work so 
certified if it be afterwards discovered to have been improperly 
done or not in accordance with the plans or specifications and pro- 
vided further that prior to each payment by the party of llie first 
part a satisfactory certificate shall have been obtained to ihe effect 
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that llie ealale or building upon or Tor which the work is clone is al 
the time when the pnyni-'ot is made hvc horn nil methanic'a liens 
sncl other clnims churgeable upon said building or estate nnd in- 
curred by said party of the second part. 

And it is hereby furlher agreed by and betireen the said parties 
hereto that the drnwin^s and specilicatioDs are intended to cooper- 
ate so that any works sliown on the drawings anil not mentioned in 
the apccificntionH or vice versa are to be executed by the parly of 
the second part without extra ciiarge the same ss if tiicy were both 
mentioneil in the sperllicatioiis and sliown on tlio drawings. The 
said party of the first part or the said architect with the consent of 
the party of the tirst part shall be at liberty to order any variallons 
from the drawings or specifications either in adding thereto or 
diminishing therefroni or otherwise however and such variatioaa 
shall not vitiate this contract but the iKffcrenco in cost shall be 
added to or deducted from the consideration of this contract as the 
case may be by a fuir and reasonable valuation and the architect 
shall have power to extend the tiuie of completion on account of 
alterations or nddilions bo ordered sucli extension to be certified by 
him to the party of the first part at tlie time when such onler for 
alterations or additions is given. Orders for changes which do not 
aSect the cost of the work may he given by word of moulh but no 
order tor any change width incrHases or diminishes the coal of the 
work or affects the time of completion shall be valid unless given in 

Neither the whole nor any portion of this contract shall be 
assigned or sub-let by the party of the second part without the writ- 
ten consent of the party of the first part- 
It tiie said party of the second part shall fail to complete the 
said works including all variations should such be made at or be- 
fore the time agreed upon with such cxtcnBion it any in the casa 
of extra work ns may have been made and certiSed by the architect 
then and in that case the said party of the scconil part shall forfeit 
and pay to the said party of the first part the sum of Ten doUara 
(SIO) for each and every day that the said works shall remain un- 
finished after the time agreed upon for their completion unless id 
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the opinion of gBiil archito::! Buch (klay couM not iritli reasonable 
diligence and prudence linvo bctn avoiJeJ or foreBcen by llio R&iil 
parly of Ibo second part llie eums eo forfeited lo be rclaxned as 
liquidated and asc:ertiiined damages out of any money that may tben 
bu due or owing or may thereafter become due or owing lo Ibe said 
party of tlie second part on account of ibtir work and mat«rialfl 
ontlcr tbis contract. 

If the aaid party of the second part shall become bankrupt or in- 
solvent or assign Ikeir property for the benefit of creditors or 
become otberwise unable Qtem$dves to carry on tbe woric or ahttll 
neglect or refuse to do so at any time For six days in tbe manner re- 
quired by the architect or shall refuse lo follov bis direction as to 
the mode of doing the work or shall neglect or refuse to comply 
witli any of tbe articles of tbis agreement ibcn the said party of tbe 
fint part or bis agent shall bavo tbe right and is hereby empowered 
to enter upon and take possession of the premises with tbe mate- 
rials and apparatos thereon after giving two days' notice in writing 
and lltercupon all claim of tlie said party of tbe second part their 
executors administrators and assigns shall cense and the said party 
of the first part or bis agent may after using such of tbe materials 
already on the ground as shall bo suitable provide other materials 
and workmen suillcicnt to finish the said works and tlie cost of labor 
and materials so provided shall be deducted from tbe amount to be 
paid tinder tbis contract. 

All maleriala sball bo the property of the party of tbe first part 
as soon as tbey arc delivered on the ground subject only to the right 
of the party of tbe second part to remove surplus materials at the 
completion of tbe building but no materials arc to be paid for 
before tbcy are set in place in the work. 

Tbo said party of the flrst part sball keep tbe said building at all 
limes fully insured against loss by fire for the benefit of whom it 
may concern and in case of loss the indemnity sball be divided be- 
tween tbe parties hereto according to ibcir respective interests in 
tbe property destroyed. Tbe siud party of the second part shall be 
solely responsible for all loss failure or damage from whatever 
cause to tlie said works loss by fire alone excepted until the wliola 
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!8 delivered and accepted by the party of the first part and shall 
give all necessary assistance to the other mechanics employed in the 
building and shall be solely responsible for any delay to their oper- 
ations or damage to their work or materials or to neighboring prop- 
erty or to the persons or property of the pablic by the workmen or 
through the operations of the said party of the second part. 

And for the faithful performance of each and every the articles and 
agreements hereinbefore contained the said parties hereto do here- 
by bind themselves their heirs executors administrators and assigns 
each to the other in the penal sum of Three Thou$and DoUarf 
($3,000) firmly by these presents. 

In Witness whereof the said parties hereto have hereunto set 
their hands and seals the day and year first above written. 
In presence of 

Edwabd Ttbo (James Johnson, [Seal.] 

to both. ) Smith Bbothkbs. [S«*al.] 



CONSTRUCTION OF A TOWN-HALL. 



COAFTEB V. 
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Thk third division of oar Bubjoct will treat of a more complicated 
piece of coDStractioa than either oC the preceding, anil will lead ns 
Into the conaideration of stresses and tlie reaiatances oE materials in 
a way which should be familiar to every young architect. The 
habit of analyiing deaigna with regard to their 
is one of the most valuable that such persons 
nothing of the importance of acquiring that 
which is the bcBt safeguard against the slips tbi 
credit npon the most highly trained men, this sai 
ninot, built up, BO to apeak, by the constant consi 
appreciation of weights, thrusts and resistances, is tiie main element 
of power in architectural design. A curtain amount of prettiness, 
and even of theatrical picturesqueness, is within tlie reach of the 
architect who cares and knows nothing about tbe concealed con* 
•IructioD which Is to bold up bis pretended arches and lintels, 
but the mind soon tires of detected sham, while it 6nda ever increa^ 
ing pleasure in the masterly ease and originality which come from 
the ikitful handling of brick, stone and wood as materials to be 
frankly used in satisfying the various conditions of modern struct- 
ures. Witb us, unfortunately, certain important classes of building, 
such, for initance, as city dwalling-lionses, have falleu into a routine 
of construction, which, if not positively vicious, offers at least few 
opportunities for the solution of novel problems; so that it is all the 
mora important for the younger members of the profession to seek 
out and study special constructions, in order to keep their mindi 
prepared for the difficult programmes which will sooner or later b« 
let beforo them. 
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How ikifl rosy be done can hett bo showa by menna of nn exAinpU 
whiuli is to be considered ia tlie way in vrLkb an intelligent Hrcbilect 
would either iludy the details ol his owd design, or would criticise 
the work of anotlior. The problem cbosen is that of n town-hall, 
roeaauriag seventy-five by one liundred and fifty feel, containing 
municipal offices in the basement and first story, and a siagle large 
room above for public onterloin meats. This room is divideO into 
■uditorium and stage by a bricic vrall, the proscenium-arch being a 
real construotion oE stone. The thrust of the arch is resisted on one 
aide by the weight of a tower, which rises to a considerable height 
above tlie roof, and contains a fire-proof staircase, as well as a ven- 
tilating shaft, and on the other by the wall of a small ilrcsslng-room. 
Opposite the proscenium-arch is the gallery, under which is tbe 
main staircase, with ante-rooms on each side. The auditorium is 
covered by an open-timber ruoF, witb hammer-beams and curved 
braces, while the stage and gallery have roofs of simpler construo- 
tion. Tbe exterior walls are of brick, with strings, lintels and other 
work of stone, and all Interior walls are of brick, except a few light 
framed partitions. 

In order to shorten the calculations as much as possible, the floor- 
plan is made extremely simple ; the object being merely to illustrate 
principles. Tbe structure is lo stand on piles, driren through made 
ground to a stratum which, although not possessing great resistance, 
forms the best foundation within reach; and as it is essential to cut 
oft the piles under the watei^line, which ia here fifteen feet below 
the curb, this distance will be the height of the found a tion- walls, in- 
cluding the footings. As usual in all buildings, the plan of the upper 
Story determines that of the sub-structure, and the distribution of 
the weights anil thrusts of the proscenium-arch and roof must be 
the first step toward the laying out of the foundation-plan. 

We will make our provisional plan without windows or parti- 
tions, since the latter will depend somewhat upon the distribution 
of the former, and these again upon the spacing uf the roof- 
trusses, which is yet to be decided. Figure 179 shows therefore 
the outline of the main walls of ilia first story, and Figure 176 those 
of the second story; the tower and the other cross-wall irbich serve* 
■s abutment to the great arch being indicated, as well m the out 
line of the roof. 
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SUPERINTENDENCE. S'l 

Ab we wisli, [or llie take of greater lecurll)' agitlnat Grc, to 
cut o£F tlie upper porlion oF llie stage entirely from tbe auilitorium, 
by carrying tUe proccenium-vall thruugli tbe roof, tlie profile of llie 
not will delermtne iliat of llie wall, wliicli will, Iiovrever. project a 
fool or mora bc- 
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lion llie propor- 
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id Ihe consequent preseure 
the lenglli of tlie cross- 



u>il width wliicli we dciire It to liaie, 
which must be resisted. This will gl 
walls which form its abutment on enck side. 

We msty next study the main walls, BrsideterniiaiDg thelhicki 
required for stability under tha given conditions of height und len; 
ftnU then adding 



o this 



additional mast 

sary, either in 
the form of ex- 
tra tliJcknesa or 
of intern^] or 
external bui- 

tuch liorizontul 
thruxt ne trnty be 
exerled by any 
portion of tbe ro 
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This will involve the consideration of the 
uns of tbt! roof, and the fixing of siieh forms 
and spacing us best meet the conditions to be fulBlled. The choice 
among ihu different modes of butlrossiog may depend here on the 
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wiiili to secure ia elevation, linoe «o far as interior 
r ncoiislic effeut ia concerneU it makes little or do 

difference whether llio pressure of the rooF is resisted by the mass 

of a. plain wrII, 



Ihe 



wei<;Iit of pinnft- 

As the form of 
llie nail ftbore, 
aud the dietribu- 
lioDof the weights 
upon it, whatever 
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tlie exterior nia- 
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with the study 
of the elevaiioDS. 
ThethluliDessand 
position of the interic 
what an the mode of 
generally lited upon 
being made subseque 
building of imposing 




walls and piers will, however, depend aome- 
jp|>Drting the llonra, and this point should b« 



t Ihu 



) dcti 



Ltly. There is not much danger in such a 
Loo great a crushing strain upon any of the 
materials, but it is best to Iceep the strength of briukwork and slone 
in mind, and to guard against diminisliing unduly the size of piers 
between openings, eiilier external or internal. 

In order, however, that our conception of the problem to bo solved 
may include all the essential conditions, we must, before proi'eeding 
beyond the most general outline of our design, know something of 
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the Coumlatlon which U to support our building, nod this will be all 
tiie more necessary io the present case, siuce the bearing straCuni 
to whith tlie piles are to be driven is not of very firm consistency. 

If we proposed to put ao unusual weiglit on any part of the founda- 
tion, by carrying the tower to a considerable height, or in any other 
way, it would he necessary, l>esidea driviug trial piles at different 
points within the site of the intended structure, to show the hardness 
of the bearing stratuui, to ascertain also its thickness, and the charac- 
ter of the material below it, by boring through it with an auger which 
will bring up in its hollow a portion of the formations which it 
traverses, but our building being considerably lighter than others in 
its neighlwrhood, which have stood for years saFely on foundations 
about which no special precautions were taken, we nocd hardly 
tear the disruption of the hearing stratum itself under tlie weiglit of 
die building, provided the load is so distributed over the piles that 
none of these will settle after the structure is completed. Just how 
much weight can safely he placed on each pile under our building 
cannot he known until they are actually driven, since the consisiency 
of a bearing stratum such as we have to deal with varies greatly in 
different parts of a given area, but we can form an approximate 
opinion by observing the driving of those for works in the neighbor- 
hood. We will tbcrofore inspect for a few minutes the operations 
taking place in tlio cellar of a new block of stores near by. The 
piling for one of the party-walls is just started, and we observe that 
the IcDglb necessary to reach the bearing stratum is about thirty-five 
feet. The piles are of spruce, most of them perfectly straight, al- 
though we notice sutue crooked ones being hastily rolled to an incon- 
spicuous position as we approach. We see one swung under the 
hammer of the machine, and the driving begun. The pile sinks 
rapidly, and at a nearly uniform rale, through the gravel filling, until 
its head is nllhio two feet of the surfitce of the ground, when the 
blows arc seen to meet with greater resistance ; the hammer rebounds, 
and the ground is felt to quiver, while the sinking of the pile under 
each stroke is but five or six inches, instead of a foot or so. The 
shaking of the ground indicatesthat the bearing stratum in that place 
is thin, and there is danger that it may be broken throiigb, so the 
foreman orders a man to climb half-way up the machine and de. 
tacb the hammer by hand, so as to lessen the distance through which 
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It fall», aod wilh it the force of itH Imjiiict upon the hend of the jiile. 
Stepping up to tlie mscliine, we now ascertain the rate at whicli tlie 
pile iinlisumler the blown, by marking on one of thast&ndnrcltirithan 
old nnil the poMtion of tlie lop of the liammer after two succesBive 
blowi, anil inensuring the diitance between them. For two btowa 
tlie linking Is five indict, Iben it fulls lo fonr, and then to three iocbes. 
The next itroku drive* it tliree inuhe* more, and the foreman gives 
the signal to stop. At the maeliinu is bein<; eliifled to a new place 
we iniiiiire the weight of tlie hammer, and learn that it is IG50 
pounds, and we ascertain, also, tlial the height from tlic ground to 
tlie point at wliieli it waf detached for the last few blows is 1& feet. 
We have now the data for determining the weight which can be 
plai:eil upon the head without fearof its sinking nnderit,by Sanderi'e 
foMnula, ^ ^ W, 

in which F=: Fall of the lismiuer in incheB. 
S= Sinking ai last blow in inches. 

J/= Weight of hammer in pounds. 

W=: Safe weight in jiounds. 
In our case F= 180; //=iIG50; 5 = 3; and the formula give* 
'"'"5"' =ii375 pounds, which is the safe weight reqaired. The 
next pile, willi llio same full and the same hammer, sinks only two 
Indies at llie last blow, which, if substituted in the forniida, would 
give ^^^^^I8S62.& pound* a* the *afe weigbE. Most of the 
piles, however, give a minimum sinking of three inches, further 
driving increasing rather than diminlsiiing the rate, by die peoetra. 
lion, as tlie foreman informs us, of the bearing sti-alum; and llie 
corresponding safe load of I!,S76 pounds must lie accepted for th« 
present as the standard upon wlilch our calculations should be based. 
,We notice tliat the piles for the party-wall arc being driven in ft 
double row, spaced two feet apart from centres in the direction 
transverse to the line of the wall and three feet from centres in the 
same direction as the wall; and, curious to tcarn what load the un- 
known builder proposes to place on them, wc ask to see the plans, 
whicli are in a tool-chest on another part oF the ground. These 
show a row of three-story stores with Cnidied haeemenie, each S3 
feet wide from party-line to party-^ae. The walU twalo Ai feel 
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high from ihe curb-level, and we knov that the dupth From Ihis level 
to the top of the piles must be 16 (twt. As the party-wulla have do 
prcESure' of enrth to euppurt, thev have but two coursui of Btone 
footings; one, immediately above the piles, lieing 3 feet wide and 18 
ipcliea iiigh, while the second Is 3 feet widu and also 18 invhes high. 
This is cijulvalent, in a rough estimation of weights, to aa addition 
of 4 feet S inches to the height of the wall, which, above the foot- 
ings, is of briek, 13 inches thick, making the virtual height of tlie 
wall 64 feet 6 inches. At 112 pounds to the cubic foot, wbicb ig a 
fair eatininte for brickwork, but low for stone-work, the weight of 
each foot in length of the wall will be 7,324 pounds. To this must 
be added the weight of the floors and roof and the probable loads 
upon them, which in a retail countr/ store may safely be taken at 
100 pounds to the square fooL The roof, which in this case is 
covered with tar and gravel, will require about the same allowance. 
The clear span of the floors is 23 feet, and the party-wall supports 
half the floor on each aide of it, or 33 feet in all. Counting that of 
the baaement, wbicb is framed just like the otherii, there are four 
Soars besides the roof, and the total flour itnd roof load supported 
by each fool in length of the party-wall will Iberetoro be A X 32 X 
100 = 11000 pounds. The weiglit of each foot of the wall itself, 
as we just ascertained, is 7234 pounds, so that the tolal pressure at 
the bottom of tbo wall is 1S324 pounds to each Foot in length. Thv 
piles being spaced 2 feet apart traaavursely, and 3 feet longitudi- 
nally, there are but two piles under every 3 feet in length of the 
wall ; so that each pair of piles has to supfiort 3 X 18334 := 54672 
pounds of wall and floor load, making 27336 pounds la each pile. 

But we bavu ascertained by Sanders's formula that the sale weight 
upon the piles under the conditions which wo find to exist is but 
1S,37S pounds; so that if tbe plans are carried out they will be 
loaded to more than double their safe capacity. After Batidfyiagoar- 
■elves that our calculations are correct, we call the attention of the 
foreman of the pile-drivers to them, He shrugs his shoulders at 
first, and mutters sorautUing about "book-larnin," and "practical 
men," but is Snally brought to admit that if the building had been 
his, he would, considering the softness of the ground, have put > 
tripleiustead of a double row of piles undar tbe wall, and made rlie 
spacing in each direction 3 feet, which is as near togetlier as long 
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pilCB can be drivea witliout danger that they may force eacli otliei 
tip from their Bolid bed oa ihe bearing stralum. Tlib would give 
3 pilea for the support of every 3 feet of wall, and woiiiil bring the 
load OD each vrllbln the ia(e limit. " However," the foreman adds, 
in a burst of confideace, "I ulnt got ootbin' to do with that. They 
give me the piling plans, and I go by 'em; and anyhow, I guest 
these are only BpecBlatioa buildin's." That they are likely iu this 
case U> fulfil the condition rcigulred of them — to hold theoiEclveB 
up antil tbey are sold — we cannot deny, and we forbear to meddle 
further willi what ii clearly not our buaineia. 

Kererthelees, we ibould be sorry to run the rielc of seeing in our 
own building after a few years the evidences of incipient settlement, 
tlie joints of the brickwork opening, and the lintels and intcrbr 
plastering cracking ; and we resolve to keep the weights on the 
piles within the nafe limit. 

Wo are now ready to put the drawings into definite shape. Bo- 
ginning with the pro»cenium-arcb, whose form we wish first to 
determine, we consider what re<]uirements of width and height it is 
necessary lo conform to, and reflect that as the ball will often be 
used for balls, fairs and other entertainments, which will fill it lo its 
Utmost capacity, it is desirable to make the proscenium opening as 
wide as possible, in order that the stage may not bo loo much sepa- 
rated on such occasions from the auditorium. Allowing only a small 
projection on the inside of lUe tower wall, with an abutting wall on 
the other side of the arch of the same width, we ahalt have an 
opening of 44 feet In width, which is ample for our purpose. The 
height, however, is restricted by the consideration that the height of 
ordinary theatrical scenery is limited, and it is desirable to avoid the 
necessity for wide " sky borders " to fill the space between ihe top of 
the scenes nnd the soffit of the arch ; while il is al»o of importance in 
checking (be spread of fire from the upper portion of the stage to the 
auditorium nut to make the proscenium opening unneccGsarily lofty. 
Aglanceissufficienttoshowus that ihenrch, loaded as it is most lieaT- 
Uy at the crown, must have considerable rise, unless it is made of seg- 
mental form, which would involve a thrust beyond the power o( the 
limited ahulmenta lo support with safety. We will for ibe first trial 
give the arch an elliptical shape, making the rise 11^ feet, with 44 
feet span, and taking the depth of the arch'Stones at 3 feet. Laying 
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out tlie arch and tltewnll above it in elevation at a InrgoBualawabava 
the elements neceasary for JetcrmiDing approximiitelj JLs stability. 
A diagram of onct-linU tbe aruli is sulScient, as it is syoimetrlcally 
»liap«d and loaded, so that tbe line of pressure will be tbe aoine on 
«aob side of the centre. 

This lino will ibow ua the direction of all the forces which act upon 
the arcb and irs abutments, and if it fulfils two esKiitial conditions 
the arch anil its nbutmeats will be stable; if not tkey will be dangep- 
ously weak ur fail altogetber. 

These recpiirements are : — 

1. The curve of pressures in the arch must lie wholly within tlie 
middle third of tlie vouasoira. 

!. The line of pressure prolonged through the abutment must 
strike well within ibc base of tlic abutment. 

The reasons for tliese will be readily seen. If the line of press- 
ure passes through the central line of Uie voussoirs, tlio crushing 
sti^in due to it will be equally distributed over tbe surfoue of each 
joint, but any deviation from a central position gives an inequality 
in the distribution of the strain wliich increases very rapidly with 
the variation of tbe pressure-curve from the central line. So long 
u the curve remains within the middle third of the depth of the 
Totusoira, the strain upon each joint ia one of compression only, al- 
thOQgb it may bo unequally distributed; but when it reaches tbe limit of 
the middle third, tlie crushing strain at t!ie nearest edge of tbe joint 
it twice as great as when equally dislributei, while that on the more 
remuto edge is reduced to zero ; and beyond this, wbilu tbe compres- 
sion of the nearer ed^ is increased to a hazardous extent, tbe strain 
on the other edge paases into one of ten.ilon, nhlcb, if tliere should 
be any opportunity for movement, will open the joints, and bend and 
dislocate the arcb until it falls. Tlds is a fatal defect, and tbe bound- 
aries of tbe middle third of the vuussoir, beyond which tbe pressure 
line cannot pass without producing a tenaile strain cither at the ex- 
trades or intrados, must bo strictly regarded. 

Tbe second requirement, that the resultant of all tbe forces acting 
upon the abutment muEl strike within its base, is obviously a neces- 
sary one, for otberwiae tbe effect of the combined pressures would b« 
to overturn the abutment, as often occurs with arches carelessly de- 
•igned. If ibe abutment were a solid and unyielding masa, It would 
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be stable if Ihe prcuaro oi 
ilie base, even at tbe > 
tliQ resistance is always given 
kitii) made up of imall blocks, / 

whicli may be 
or less (le^e; *n<l 

lo crunli or distort it. 




the distance betneen tbis outside 
where a vcrlicnl line passing 
gravity of the abutment vfoiild in- 

To determine tiie line of prestu 
will take ihc Mbwing method, 
accurate, and is applicitblo to 
and loaded in any manner. 

Figure 1 78 allows one-half of llie 
above it in elevation, lo scule. 
the arch and its load into slices by vertical 
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fell anywhere 
edge ; but in practice 
by masonry of some 
united by mortar or 
compressed in a greater 
the effect of a pressure 
edge of snch a maaa is 
■od finally to dieinte' 
that the usual rule is to 
the pressure-curve in 

a liorizonlal base, shall 
■trite the base at a 



outside face of the 
nbutment than half 
face and the point 
through the centre of 
tersect the bane. 
lire for our arch we 
which is Eulficiently 
arches of any form, 

arch and the wall 
We begin by dividing 
ioes. The elices may 



tlie present case, tlie bed oF the first 
tbo depth lliree Teet, the widtli of lli 
Wo have DOW to find the vertical li 
gravity of each ot these slicta, and 
through the centra of gravity of the entire 
If the flhces are taken iiiiall enough, the 
irithoiil appreciahle 
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be of iiny width, but it saves trouble in computation fur a lur^e ari'h 
lo make them each tno feet vide as far as possible from ihe centre 
lioe. If the span of ari;h is not a multiple of I feet, the width of the 
lail slice but one will be a fraction oE two feet. The inner edge of 
(he last slice, marked X, must just touch the springing of the arch, 
and the outer edge must touch the extrados of the Tirst voussoir. In 
being horizontal, and 
X will also be three feet. 
wiiich lies the centre of 
that the vertical drawn 
: half-arch and its load. 
of gravity may 
. vertical drawn 
midway between the lines hoimding iho slice, nnd we have only to 
draw the short lines shown in thai position, llie relative weight of 
each slice is next to be obtitined, and as in a mdl of homogeneous 
masonrj- this will be proportional to the areas of the slices, we need 
only calculate these, leaving the thickness of the wall and the weight 
per cubic foot as constant factors, to be supplied in case we wish to 
determine nny actual pressure from the relative ones which the dia- 
gram will give. 

Measuring with the scale the length of the two vertical sides of 
each slice, dividing tliuir sum by two and multiplying by the width, 
will give their areas in square feet, which we mark as shown. 

We have next, for the sake of simplifying onr work, lo make two 
assumptions, which experience shows to be justifieil, although they 
have no theoretical [ounilation. One of thc^e is that the pressure- 
CDTve passes through a given point at the crown of the nrch ; and 
the other, that it also pusses through a given point at the springing. 
If these two points are Hxed, the rest of the corresponding curve is 
easily found, and for ordinary purposes we can safely suppose them 
to be so by the adhesion of the mortar and general inertia uf (he 
masonry. For a semi-ciroular or semi-elliplical arch, which natu- 
rally tends to rise at the haunches and descend at the crown, it is 
nsual to make these points coincide with the outer limit of the middle 
third of the vouasoir at the crown and springing, as at C and S in 
Iha figure. For poioted and segmental arches, which under ordi- 
nary circumsiancus tend to ri$e nt the crown and descend at the 
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kaiindieg, [be poiQi« fixed slioulJ coinoiUe witb llie inner limit of llie 

middle tliird of these voussoirs. If, liowever, a. pointed or acgmeD- 
Ul arcli 13 most lieavil/ IoelJcJ over the crown, ao Oiat its nHturai 
disposition to rise at that plare is count eracieil, tlie fixed point may 
be ftt UiQ outer third, either at the crown alone, or botli at crown and 
■pringing, aa may Beem best suited to the circumslances. 

In tbo case of our elliptical arch, the points Cand S Iwing llie 
oues assumed to be Gxed, we will prolong the ciiDlre lino of the 
arch and load indefinitely downward, and tlien space off upon it in 
luccesslon the weights of tlie slices of the arch and its load, or 
rather, of the areas which Hand as the abbreviated form of those 
weights. Any scale may be taken, as these dimensions have nothing 
to do wiLli those of ihe arch itself. At tlie scalu we adopt, S2, Ihe 
number representing tlic area of the first slice, will extend from C to 
I ; 87j, the second slice, from 1 lo S; and so on, 11-12 representing 
the last sUce. 

Next, talce a point 0, at any distance to the k>ft of the line C-li, 
and opposite its middle point; draw O C, I, 2, and so on, to O 
12; the simplest way of doing this being lo draw C Oand IS Oat 
45° with the vertical, which will give at ilieir Intersection. 

Draw DOW, from iho intersection nf C with the centre line of 
tlie first slice, another short hue, P Q, parallel lo 1, unlillt intei^ 
sects the centre line of the second slice; then from this point., paral- 
lel with O S, to the centre of the third slice, and so on, tlie last line, 
X Y, being parallel to II. From Fdraw a line downward parat 
lei to 12, until it intersects C O at G. A vertical drawn through 
G will pass through the centre of gravity of the arch and its load. 

If the half-arch and its load were in a single piece, supported at 
S, they would be acted upon by three forces, namely : — 

A horizontal pressure, proceeding from the key of the arch, and 
caused by the push of the other balf-arch; tlie force of gravitation, 
acting vertically on the line of the centre of gravity; and the reac- 
tion of the abutment, which serves to oppose the other forces and 
maintain the whole in eijuilibrium. These three forces must meet at 
a common point, since otherwise they would not balance each other; 
and as iho horizontal and vertical forces are fixed in direction, this 
point must be at tbeir intersection, or at F. We have already as- 
sumed that tlie line of pressure in ihe abutment, which is the same 
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U tbe tiue ot reaction against tlie pressure, slinll poss througli 5; 
bence, as F is alreail)* fuiind, F S must sliow t)ie direction of ihe 
tliruEt&tS. We have yet to lind tlie amount of ttie preseure; but 
we know tbat, liku every other oblique force, it cnn be Jecuai posed 
into s vertit^nl and n liorizuntal pressure, which will be repreaenUd 
by tbe HitJHCKnt siiles of a rectangle of wlijcli the original force 
forma tbe ill Agonal ; and aa tbe vertical component is obviouiilyei]uiv- 
■lent to tbe sum of the weights of the small alices of the arch anil 
il» load, wliicb furnisb tbe only vertical pressures, and are already 
lajil out from C to 12, we bnve simply to take F T, equal to C 12, 
and draw tbe horizontal T J, intersecting tbe prolongation ol F S 
at J. Then J F, at tbe scale to wbicb the utiier pressures are 
drawn, shuws tlie amount and direction of tlie oblique reaction acl* 
log ibrougb S, and applied at F, and P T and T /show tbe amount 
of tbe vertical weight and boriEontal thrust by wbicb it is balanced 
St tbat point. 

The arch and its load not being, however, a solid mass, but com- 
posed of small parts, mutually wedged against and sup]iorting each 
other, tbe actual direction of tbe pressures in not the broken line 
C F S, but a curve, or rather a curved series ot sbort straigbt lines, 
coinciding witb C F S only at tbe extremities C and S, and varying 
in direction wlib tbe gradually accumulating weight of the succes- 
sive slieos of ibe arch and its load from the centre. To facilitate 
tbe drawing of the diagram, wo prolong F C borizontally, and draw 
la W parallel to J F. As C 12 is equol to F T, C W is equal to 
J T, and. like it, represents tbe horizontal thrust at llie key of the 
arch, while 13 (f represents the oblique pressure at the springing S. 
The pressures at successive points in the arch will then be repre- 
sented, both Id direction and amount, by lines intermediate between 
these two, and if we draw to W lines from tbe points I, 2, S, and so 
on, which correspond to the weights on tbe central lines of the slices 
of tbe arch and its load, we shall have the successive directions of 
the curve of pressures at its intersection with those liaeB. Nothing 
then remains but to ilrnw C L horizontally, i At parallel to 1 W, 
if N parallel to 2 IV and so on to 5, wber« the line will coincide 
with that previously found. 

By referring to the diagram, it will be seen that the compressive 
itraio upon the arch-atones grows continually greater from the crown 
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conraineil in tlie miJillo tliiri! of die vonsgoir^. A glance ibotra ai 
tlml ihis T9 not llie case, ami the itreb i« impriv^ticable. 

If it irere built it would bend outward at R, and sink nt tlte crown; 
the inni'r edge of the vouasoira would crueli at tho paints wliore they 
are crofsed by tlm prenure-curve, and the whole would fall. 

Tlieru is nothing for It but to design a new arch, and as the CDTve 
of pressures >arie* with every form of arcli, a new curve must be 
constructed for oacli. After trying nn ellipse of greater rise, and 
tlien a circle, all in vain, wo are led lo the pointed arch, as being the 
only one adapted for a l.irge span, with tlie maximum land on the 
crown, and by layingout such a curve, ail shown in Figure 179, we«uu- , 
oned in pafsin; ths curve entirely Ihroiigh the middle third of tba 
voussoirs, taking iIil-so at throe feet long. j 

We have now three more points to determine : 1. Whether tha . 
abutment i^ sufficient, to resist the lhru»:t of lite arcti safely. S. 
Whcdionlic pressure upon any artli-stone will tie so great as to risli 
crushing it ; and 3. Whether the inclination at which the pressure it 
applleit upon any voussoir, or any conrse of masonry in the abutmenr, I 
is so great that the superincumbent mass will be in danger of sliding; 
on it, instead of simply pressing against it. As we have seen, the di- 
rection of the thrust of the arch at Its springing is shown by the line 
FS, and if the arch and its load were retjuired to be held in e<]iiilit>- 
rium by an inclined column, for Instance, the line J S would show 
the position of the axis of the column. Wo have here, however, to 
resist the thrust, not a rigid support, but a mass of considerable 
weight, which will adil a vertical pressure due to this weight, to tbe . 
inchned thrust, modifying its direction as well as its amount, and wa | 
must find tlie modified direction of the pressure before we can deter- 
mine whether it will fall upon the base of the abutment so far within 
its outer face as we have found to be required for perfect safety. 

Strictly, the modified line of thrust through the abutment would be 
a curve, xince the vertical component accumulates as we follow the 
prestiuru tine away from the springing of the arch; but for our pre»- , 
ont purpose we need only ascertain tho point and direction of iu ' 
application at the base of the abutment. To do this, it is sufficient, ' 
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Intteftii of dividing Uic abutment into iucceisive portiona and calcu- 
lating tbe niocliflcaUon !□ iha tbrust doe to the weiglit of the arch, to 



regard the whole abntmeot 

weight will give the verti- 

need to fix the dnal ilirec- 

lecting llie slice of the 

inner fiice and a vertical 

exirailos of the 

■incn the weight 

thrust, the 

a trapcEoidal 
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ingle mass whoae 
cal component which we 
tion oE the thrust. Neg- 
abutment between its 
line dropped from the 
arch at the springing, 
of this does not affect the 
maining portion will liave 
shape, and we proceed 
tion of it» centre of grav- 
it)- by drawing the twodi- 
agonala of the trapezoid, 
and finding tbe middla 



pf'int B of one diagonal, and setting 
oS at A on the other diagonal the 
distance from the lower corner of 
(he trapezoid equal to the distance 
from the upper corner of tbe trap- 
ezoid to the point of intersection of 
the two diagonals ; then connecting B with A, and dividing B A iDta 
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B pressure-line S J B,t It 
the point of applicUion of llie vertical oomponent o' 
nre-line. To determine the amount of this comportent, we it 
tlie area of the abutment trapezoid as Ims already been done with 
tbe Mces of the arcli and its load, and obtain 607 a* the result. We 
lay this off from IS to 13, on the same vertical line that measures the 
rertical pressures of tlie f'lices of the arch and its load, and at the 
■amc scale, and then draw 13 II'', which gives the direction and 
amount of the totnl combined pressures of the srch, load, and abut- 
tnenL Transferring the direction ol the final pressure so as to inler- 
Hct K, llie actual point of application, no find that it will strike the 
base of the abutment at R, which is nearer the vertical dropped 
from the centre of gravity of the abutment than half the distance 
between this vertical and the exterior face of the abutment, and the 
abutment may therefore be relied upon as stable under the given 
pressure. 

We must now test the second point of eafety in oiir arch, and a*- 
eertain whellier the pressure at any given joint is greater than the 
stonecanberelieduponlo resist. Tlic greatest preMure. as we nee at 
oncefrom the diagram, is at the springing line. Scaling the line 1! Wi 
which represents this pressure, we find it to measure 1140, at the 
scale of this part of the diagram. This, however, being expressed 
in terms of Buperficiai feet, must bo mutiipUed, to 6nd tbe pressure 
which it represents, by the number of pounds which a portion of 
the wall one superficial foot in area will weigh. The wall is IC 
inches thick, and at 112 pounds per cubic foot the weight required 
will be 149 pounds. The (olal stress at tbe springing will he there- 
fore 149 X 1140 = 169660 pounds. The area of the joint is36X 16 
^G7G square inches, and the prespuru will therefore average 
lG9S60-f-576=-295 pounds, which is far within the limit of safety. 

The determination of the third point, whether the direction of 
the pressure at any joint is such as to cause sliding, can be only ap- 
proximately made, since the ailheeion of the moriar, llie roughness 
of the stone, and many other elements, will enter into the actual r«- 
■ult, but we may safely assume that no pressure will cause sliding 
of the Blone voussoirs which Is not applied al a greater angle than 
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1 19° vith a normal lo the diri 



D of the jojat. Our pressure'Cum 



P tbovta that Uie angles of applicalion of the fltreii are all well within 
this limit, and we need feel do uneaiiness in regard to llie voussoir*. 
With respect to the joints of the abutment, however, we may Feel 
Mine anxiety, as the direction of the pressure for tlie coiirecs aeareit 
to the iprin^ing of the arch forms an anglo of somewhat more than 
Sl° with the vertical ; but tlie adhesion ot the mortar lo brickwork 
is far greater than to stone, am] the true angle of safety is corre- 
tpondingly increased, so that if we take the precaution of delaying 
the removal of llie cenleriog on which the arch is built until the 
mortar in the abutment is well set, we need have no apprehenaioo 
as to the result. 

Having fixed upon the shape of the proscenium-arch, and made 

L Mre of the stability of the abutment;, we will next determine the 

I- eonslruction of the roof, which is intimately connected with the di»> 

r position of the wall supporting it. For the sake of simplicity, we 

decide to make the rjclge of the roof level throughout, varying only 

the interior coDstruction to suit the means of support at our dlspo 

nl, or other requirements. 



where no sacri Gee need 
be made lo appear- 
ance, we will UM the 
I limpleet and cheapest 
I devices, covering the 
I ventral span, o f 4S 
feet, with a irusn of 
the form sliowD in 
Figure 180, and the 
rooms nt tlie side with* 
L plain lean-to roofs, 
K with tie-beams, and 
F uprightsnext lliewall, 
to prevent lateral 
pressure upon it, and 
n strut to prevent the 
••gginS "f the princi- 
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main truMi to an to bring Uie surface of the roof >□ ooe pUue. Ttn 
anditoriam will be covered hy an ornameDlol roof in one spaa, 
and the upper portion of this irill be conlioueil over tbe gallerj bI 
the rear, the ante-rooms oa eacli side of the galicry being cohered by 
the gallery floor. 

Wq will £ret inveitignte the simplest ri>o6ng, Ibat over tlie sta^- 
Ai both the large and nnall trusses are furnished wilh tiorizontal lie* 
at the foot, they can bava no tendency to spread, and tbercfore exert 
no thrust upon the walls ; so that we shall only need to ascertain llie 
■trains upon the timbers and determine the necessary sizes. This 
we will do here only for the central truss, A E F, the principle be- 
ing the same (or all. 

We have first to Gnd the total 
weight which ihe roof must sustain. 
The length of the rafter A E Is by 
le scale 30 feet, anil as Uie trusssR 
~e spaced 12feetapartrroni centres 
this rafter will have to sustain ISX30 
:= 360 square feet of roofing, and 
whatever ejttraneoiis pressure there 
may be upon thisaren, such as that 
of snow and wind. The other raf- 
ter, A F, will have the same stress 

It will be beat to consider Grsttho 
vertical stress produced by the 
weighL of tlie roof, including that 
of snow upon It, taking afterwards 
the oblique stress caused by wind. The weiglic of the roof itself, 
which consists simply of trusses, purlins, common rafters, boarding 
and slate, without plastering beneath it, may be taken at tO pound) 
to tlie sijuare foot. If the roof were flat, or nearly so, a load o( wet 
■now might occasionally be added to this, amounting to forty pounds 
per square foot as a majcimum, but our roof being inclined at an an- 
gle of ubout £2° with the horizon, the snow falling upon it would slide 
off as It accumulated, and a snow load of 13 pounds to the foot may 
safely be taken as the greatest to which it will ever be subjected. 
This makes the total weight per square tool of roofing 30 pounds, 
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and the rafter A £ luiist tliereforo be calculated la sustain avertic&l 
stress of SGO X 30 = 10800 pounds. The load on the other ratter, 
A F, will bo the same, making the irliole vvrticul pressure on tbe 
truss 21600 pounds. Id Figure ISI, express this vcight by a rerti- 
cul line from A to B, at any scale, say 1000 pounds ti> tliu inch. 
Find the centre, C, ol thia line. As the truss and lis load Are kept 
up b]' the supports on whieh ihey rest, tlie upward force o( tbcM 
supports, or, as we sbuuld say, their reaction, is just equal to th« 
weight imposed upon tlicni; or, in the diagrsjn, half llie root A F 
and its load presses downward with tbe force A C, anil is held up 
by the force C ./I, while the weight on the other bnlf, A E, is C 3, 
and is sustained by Ji C, 

We must DOW make another division of tbe vertical lino A S,lo 
indicate tlie proportionate part of the whole weight borne by each 
joint in the truss. Looking first at the rafter A F, we see that the 
joint D must Buffer tvtico as much strain as either F or A, be- 
cause it sustains an area of roofing extending on each side lo a point 
midway between it and the next joint, wUilu A an<l F being held, 
one by the opposing rafter and the other by tlie support at the foot, 
each carry only the portion between them and tlie point half-way to 
D, Hence in the diagram, if A Oeiprosses thu whole wtight on A 
F,A K will indicate the portion borne at F. K / will show that 
upon D, ami 7 C that upon A. Then C G will show, in the same 
way, the strain at A upon the other rafter, A E ; O £ that upon C, 
and E B tliat on E. We haro now all the data from which to de- 
termine the stresses on tbe other pieces of the truss, each of which 
plays a part in siistaimng the total load. Beginning at the foot F, 
of tbe rafter A F, wo find it to be the point of application of four 
different forces, the first being the reaction of the support on whicb 
tlie truss rests at that point. Indicated by C^ on the stress-diagram; 
tbe second being its own portion of the weight, sipwn, as wq have 
just seen, by A K; the third being an oblique pressure passing down 
the rafter, and the fourth a horlxontal pull from the tie-beam. The 
direction and amount of each of tbese may be obtained from tbe 
diagram as follows : Starting from C, we pass upward to A, over 
the distance which represents the reaction of tho support F, and 
ID the direction of that reaction; then down again to /f, over lbs 
■pace, and In the direction, corresponding to the share of the vertl- 
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ea\ loniisiipporteJ b^fllie joint F : SmmK mts ilraw alinr, KDtfmr- 
nllel will) tlio ilircclion of tlis mfcer A F, of sucti length th&t Knolber 
line, Oriiwn from ils fiirllier extromily, parnllol willi the ilireclion of 
the lie-beam F K, oill jupt meet the point C, from which we Etnned. 
The lun^th of ihu ijuo K D, accorJinir to ihe tcitio to which tJia ilia- 
Sttta IB ilrnwij, will then siivn tlie Qiimber of pounils of lon^iluilinal 
vtreas along iLe rafter from D to F,nDiIZ)C will be the teosile str^a 
upon the tie-benia between F nml B. 

To diitin^uiali between the ten^^ile nod compressive Blrains we 
will indicate the former in the diagram by a light line, and the lat- 
ter by a heavy line a.t shown. 

In tilt! saino way we liml the Btresses upon the pieofg around the 
joint D, in the middle of tlie rafter A F. We know nlready the 
Btress u[>on the piece D F, ohicli we found jiift now lobe A' i> on the 
iliasrnm ; bnt as the compresgive strain upon ibis piece, wliicb wat ft 
downward push upon the joint F, is an upward push upon t]ie joist 
D, tto muBt now truce it in a direction reversed From that previouily 
found, and starting from D on the diagram, follow it upward to K, 
From K we liitve another known force, the vertical load upon the 
joint D, which we ascertained at the beginninc to be equal to K I, 
or twice as great as A K. Following this vlrnin, tlien, downward 
to /, we bavo left two unknown forces, that on the upper portion of 
tbe rafter D A, and on the strut D B, both of which are applied at 
D, the joint whose equilibrium we are tracing. These are found in 
the same wny as before, drawing / 7f parallel to A D. until ^£ 
o B D will close on D. HD\a then the compressive BtrRtD 
lit, and / II that on ibe upper jMirlion of llie niiter, and 
both are to be indicated by heavy lines. 

The next strain to be determined is that on tlie king-rod A 6. 
We have assnmed that the vertical pressures are llietauie on each »ide 
of the roof, and the stress-diagram will tbureForD be symmetrical, 
and G F will reprotient the stress on one upper rafter, and H I that 
on Ibo olber. At the joint A, ibese two stresses, together witli tlie 
vertical load I C+ CG.or TG and ibe pull of ibo king-rod. In- 
clude all the forces applied at that point, and starling with lite 
known stresses // / and I O. G F, symmetrical with H I, will be the 
■train on the upper rafter C A. and F H, drawn parallel with the 
king-rol, and connecting F and It, will represent the tcnnle atnua 
on the king-rod. 
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Measuring witU the Kslfs the forces iliua inilicuitJ, i 
■• tollowi : — 






t VEltTIGAL LOAD. 

Tfe G-lOO lbs. Tension. 

King-Rod eooo " " 

Loner Rnficr 10300 
Upper Iluftcr 7000 
SLrut S600 

Wo liare now to eonaiile 



Of c 



ildUional series or strain)!, — liioi 
111 may blow upon eitbi 



dtie to winJ-pri! 

side of the rooF, but by cHlculuting the si 

one side, we sball b»va all the dxta requirtMl fur extending it to tba 

We will siippone the wind to blow from the left in Fii;urc 180. 
A.a thu general direction of wind 'movement is nearly horizontal, tlie 
maximum pressure in a direction normal to the plane of tlie rafters 
occasioneil by it in<;reiijeg ns the pileli of any given roof rises, and 
in acerlninritlio 10 the angle which the raflersmake with the tiarizon. 
The angle of the present roof being 62° it will be safe Ui a»sume a 
maximum wind-pressure in a direction normal to that inclination of 
44 pounds to llie square foot, wLtch will give ss the wind-pressure 
supported by the rafter A E io Figuro 180, wlikb is 30 feet long 
and spaced IS feet from t1>e next rafter, 30 X l^ X ** = >£640 
pounds. Tlus, ns the wind will only blow on one side at a timu, wil) 
give the total wind-pressure on the whole roof, allhongli its direclion 
may be reversed. We lay tliisoff in Figure 182 from A to B, at the 
same scale as in the preceding diagram, A B being drawn in n 
direclion perpendicular to the inclination of tlie left-hand rafter. 
The next thing Is Io lay off on A D the points showing the propor- 
tionals portions of [he pressure borne at the several joints, and 
also the reactions of the supports at E and F. We can easily see 
that, as In (he case of vertical pressure, the jnlnt C bears half the 
strain on the rafter, A and E bearingone<]iiartcreBch, which will give 
A C on the diagram as the pressure at A, C i? as the pressure at G, 
and E BatE, To find the reactions of the supports we must uon- 
tider that the tendency of the obhque force of tba wind on tiiu whole 
truss, A E F in Fif^nre 180, is to turn it aborit the point E, with a 
leverage which will be proportional to the distance from E of C, 
which is tlie centre oE the rafter, and forms the point at wiiich tlia 
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preBBDre, uniformly dislributeil over llie roof-surface, msy be fL» 
■umcd to be coDccnlrated. We can eee lUat the support F will, 
^ F with this iiarticn- 

ir {orm of roof, 
be DioHt verereir 
Btrainei), and ibe 
exact iiroporlion 
between tlie load* 
borne by eocb *up- 
port can ba nssdily 
found by drawing 
from C a. lino per- 
pend icul.ir lo the 
rafter A K, and 




rikia 



the 



i-hl line con- 
'^ ne«;iin^ the pointa 
of support at 1; then rooasuriog tliedistaiiccs 1 F niid I E, which will 
give, inoeraelg, the relative pressures borne by F and B- In thia cue 
I F U j uf the whole distance E F, anrl I E is f of tlic same, from which 
we infer that F bears f of tlie wind- pre a sure, and E only |. Apply- 
ing this to Figure 182, we divide J B by the puinl D, at i the di»- 
tance from B io A. TUen iii) will represent the rcactiun of the 
support £, and D A that vf the support F. Beginning with the 
joint £ of Figure 160 we trace the stresses in the tame way as be- 
fore with verlical strains. From E on the dingraui we pass down 
to B for the direct pressure, then upward lo D for ihe reaction of 
the support E. then horizontally to G for the tension on Ibe tie- 
beam, and down, p:irallsl with the rafter, to £, ibe point of begin- 
ning, for the comprci'sivo strain on the rafter at Its foot. 

To find the strains at the joint C, in the middle of the ratter, vie 
start at C in the diagram and pass downward to E for ibe propor- 
tion of the wind'preiiure borne at C, then up to G for the reaction 
of the lower portion of the rnftcir, then iipwanl, parallel with the 
direction of the strut, to F, until a lino drawn downward from J-', 
parallel with the upper portion of the rafter, will close on C, the 
point of beginning. This will give us the stress due lo wind upon 
each portion of the rafter, the strut, and the portion of the tie-beam 
nearest the wind, as follows, scaling them from the diagram. 
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BTKKSSKS FOB WlNO-PftlCeSUnK. WIND LEFT, 

Lett-Haoil part of Tie 1800 lbs. Tension. 

Left Lower Rafter 900 " CompreasJon. 

" Upper Rafter 8300 " " 

Left-Hand Strut 8300 " 

All these atreasei would be reversed by » chtkoge in tlio dir<ictIoi) 
of the wind. 

There are ttill olher strains to be found oq tlie otiicr pieces of th« 
truss, but ihfl reader can easily Coisb the diagram for Limeelf. It 
19 enough to say that the next point to be invesligated is that at A in 
Figure IBO, Iben D, and tlien F, and finally, the inrestigation of B 
will serve lo cheek the correctness of the others. It will bo found 
tbat the strut B D receives no stress of any kind f ro[u wind-pressure 
on the opposite side ; that the portion fi F of tlie tie-beain suffers a 
eompreuiee strain of about 3300 pounds; that the rafter A F is 
equally strained throughout its whole length with a eomprussive force 
of about 8000 pounds, and the king-rod A B is subjected to a tensile 
stress of 6,500 pounds. 

As the lie-beani E P is strained by tension, lo the amount of 1800 
pounds,at one end, and by a compreaaion of 3300 pounds at the other, 
it would seem that ihe net effect of the pressure would be a compressive 
stress equivnlent to the difierence between the two, or IGOO pounds. 
This, is, however, an unsafe ioFerence, the two kimls of atressei 
acting to a certain extent separately, instead of neutralizing each 
other, so that the prudent method is to take tlie largest amount of 
stress of the principal kind, without dcdueiiun for the ni'Uira tilling 
effect of the opposing, but inferior forces. In the case of the 
rafters, which are all strained in ihe same way, but of which we find 
that the one away from the wind is the most strained, nu will pro- 
vide (or resisting the greater stress, which will make us safe against 
the lesser one. This will give us a corrected table of wind-pressure 
■trains, which we will place nide by side with those due to vertical 
pressure, adding them together to Qnil the sutna which will give us 
<he total stress acting along each piece which that piece must be cal- 
culated to hear safely. For shortness we will mark tension as — 
and compression as -{-. 
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B and rods wliiuli i 



We CBD now obinin tlie litet o( ibe 
i&fely suBlain tliese sireBnes. 

The tiu-benm, G P, aufFeri a tensile strnio of BSOO pounds. The 
lefe tensile strengtli o( Jjiruce timber, which we Euppose lo be tba 
material of the truss, should not, for sucli 8 roof, be taken nt more 
than 1000 pounds to thu siiuare inch, anil a timbor of 8.S sijuare 
incbea sculional area, or about 2'' x i", would give tbe resiHtance 
required. 

There ia, however, another consideration which entcri into lb« 
eklculation of the size of the tie-beam. Not only does it keep the 
feet of tlie rafters of tlie truss from spreadiog, but. In virtue of it* 
hortionlftl position, it ia also a ti«am,or ralber a pair of beams eacb 
having a span e(|ual to the distance from tlie icing-rod to the wall* 
plate, about 20 feet, and burdened witii Its own weight, which tend* 
to break it by a transverse strain. This strain is entirety ini]epe»- 
dent of tlie longitudinal stress along the timber, and must be pro 
reasing the eIzo of the limber, so ki 
ttlng tlie bending strain, which ihoie 
nee to the longitudinal stress tannot 
;fore, a S" x i" timber in place of 
» strength to meet all the stresses, 
s well as longitudinal. Supposing 3" x 4" of this to be 
occupied in resiRting the direct tensile force, we shall have remain- 
ing a beam I" x 4", £0 feet long, whidi munt sustain the weight of 
the entire timber, S" je 4" x 30", which, at 45 pounds to the oubie 
foot, will be 79 poundn, uniformly distributed over tbe beam. 

fiimplest formula far transverse strength of rectangular beami 

b Is hrcadih of beam in incite*. 
d is deplli " " " " 

C is n constant, which for spruce is 460. 
I is tlic factor of stiCciy, whic:h sliould be 0. 
L is tlie lenplli of tlie bi?um In feet. 

W is Ilic safe centre load. 



vided against separately, by inc 
to give additional fibres for rt 
fibres en^gcd in tensile resit 
deal with. We will try, th. 
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Applying this, and rememberiDg ihst ihe diBLributed load maj- be 
irith snfuty twice ■« great as the centre loail, we Ehall liava 
^' ^^ex*w "" = '20 pounds 8afe digtributud load. As ibe weiglt 
of the timber ii only 75 pounds, wo liave liere a surplus of transvurae 
ttrengtb of about GO per cent, but it U bardly worlU wbile to make 
llie stick any smaller. In fact, wooden IJe-iieams are ordinarily 
made of far greater dimensions than lhi», and with reason, for iliey 
ftre very liable to be used for supporting tlje weight of partitions 
either above or below, or are subjected to other cxtrancouH tran»- 
Terse strains whivh ihey are less able lo resist ihnn otlier brnmt, 
whicb have no special work of tlieir own to do, wliilo their strength 
li further impaired by the mortises by which the rafters and kirtg- 
rod are rraiued into tliera. Tlio king-rod, A B, is of wrouglit-iron, 
kod endures a nmple tensile stress of 12500 pounds. The usual 
estimate For tlie safe tensile strength of nroiight-iron is lOOOO pound* 
per square indi, and as the area of a circle is .7S54 uC that of the 
•quare in which it is inscribed, the diameter of a round rod lo hold 






Mfely 12500 pounds will be " 
H inches. 

The upper and lower ratters and the struts are all aobjecled to 
MmpresgioD, and iheir dimensions will be found by tlie formulas for 
wooden columns. Taking the lower raftera Hrat, with a stress of 
18300 pounds, we may, as they are only about 15 feet long, take 
the compressive strain wlucU tbcy will bear safely in the direction 
of their length at 400 pounds per square inch of sectional area. To 
sustain 18300 pounds will therefore be required a limber of 46 square 
ifKshessectionnlarea, and wemay use a stick*" x 12", 6" 1 10", or 6" x 
8", as may be most convenient. As in the case of Ibe lie-hcam, a 
mall surplus of strength must be reserved to resist the transverse 
strain due to the weight of the rafter Itself, which tends to bend it 
inward, but the aU-;bt excess of these dimensions over iboso strictly 
necessary will be sufficient (or the purpose. If, however, a purlin 
ware placed, as is often the case, bearing directly on the rafter, mid- 
way belwceu its fool aud the strut, a very important transverse 
Wraili, equal to the wind-pressure on a jiortion of the roof 7} feet 
wide and 12 feet long, together witli the component normal to the 
direction of tlie rafter of the vertical pressure due to the weight ol 
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ibe fame portion of the roof aad ila load of tinow, amounting in kTi 
to about 6000 poiindv, would have to bo reeieled hy Uie rafter, acting 
fti a beam loaded at the centre, iu addition to ibe compressive sU-eM 
acting in tbo direction of its length, and its dimension* would aeed 
to be increased accordingly. 

Tbe same observationB apply to tUe upper rafter, ftnd even to tli« 
ttrut, in some instance!, but if we are sure that we will not forget 
tliia caution in case of need, we may, for tbe present, c 
■tudy our truss as it is inteodod to be built, witbout ti 
OD any of tbe pieces escepl those due to tbeir own weigbt. The 
apper rafter, having to sustain n compressive strain of tSOOO ponnds 
will then need, by tbe same rule, a sectional area of S7^ aquars 
inches, and a i" x 10", 5" x 8" or G" x 7" stick would give tbe re- 
quired strength with a surplus for resisting tbe transverse ilrain of 
its own weight. The strut, which sustains 11900 pounds, may be 4" 
X S" OF S" X G". This completes the schedule of timbers for the 
truHCB over the slags. 

Tbe trasses orer the auditorium and gallery require to t>e suh- 
mitled to similar proo- 

necessary to describe 
at length. The foi^ 

shown in Figure 163, 
not being tied at the 
foot of the rafters, ex- 
erts a thrust upon the 
walls at each side, 
which would certainly 
overturn them if not 
counteracted, and in 
order to bo able to 
provide tbe necessary 




know tbe direction 
and amount of tbt 
thmst. A glance at the diagram shows that the truss really consists 
of tliree portions, the upper part, A £ F, forming a rigid fram^ 
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resting upon two otiicr frames, E K KI I B nod B F L N J. the latter 
of nliLcli Rre incliDei] inward from (lie wall, and 
lend to push it outward at tlieir foot, am!, disre- 
garding tlie various pieces compoiing these in- 
clined frames, wliich serve priDcipally as braces 
■gaiost deformation by wind-pressure, we may 
consider each as equivalent lo a single atraigliC 
ttmber, or inclined column, acting as abown by 
ihe dotted lines £ M and F N. It is easj 
certain tbe tbrust at ibc foot of tliis column, by t| 
lading o£f^ Bin Figure 1S4, eqaal. by anyrc-P 
quired scale, to ibo vertical pressure on 
tbat is, to half the weight on the truss E AF; 
then drawing A C on tlie diagram, parallel tc 
E M. and B C boriKonlaUy intersecting A C 
nX C, B C will then «bow by tlie scale the hor- 
inDDtnl outward thrust on llic wall at tbe point 
M, in Fig. 183. This being asccrtainsd we 
must now find the shape and size of buttress, 
if any. wliicli is necessary to keep the walls 
from bving pushed over by tlie tbrust. 
can best do this graphically, as follows: — 

Beside the diagram for tbrust in Figure 
IB4 draw a section of the wall. The scale 
of this section, which is in a certain numlier 
of feet to an inch, has nothing to do with 
that of the stress-diagram, which is in pounds 
lo an inch, and any scale may be used. Fix 
tlie position of the section so that, by its 
scale, the point C, which represents the place 
of application of the inclined force ot the 
lower part of the truss, supposed to rest 
upon a corbel projecting from llie wall, will 
come at the proper distance from the wall- 
surface, anil draw a line at F, representing 
at tbe same scale the floor-line, which, if the 
wall is anchored to the limbers of the floor, 
would bo the point atwul which it would ^ Of-'t* 
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revoke in overturning. Npxt find the weight of b portion o( wall ei- 
teacling (roni the Huor-line up to K in Figure IS3, and equal In width 
to the Bpace between the windows, whith we suppose Ir Ns five feet. 
Add lo this thu aclual weight oF the portion of the root aappprted 
by KE, Figure 183, not including any allowance for snow or wina> 
The Bum will give the vertical pressure which combinee wiili the ob- 
lique pressure E M to chan^ its direction in its passage through 
the wall. Laying oB now this vertical pressure ilownwsrd from C, 
in the diagram of Figure 184, to the same rcnle of pounds as the 
other pressures, we find that it extends lo D. Draw now A D, 
which will give the diretlion and amount of the total combined 
pressures at the Hoor-line, and X T, drawn parallel to j1 D from X, 
the point where A C prolonged strikes the plane oF the centre of 
gravity of the wall, will give at F the actual position of the inter^ 
section of this modified pressure-line with the base-line of themov- 
ahle portion of the wail. The point KfalU outside of the wall, 
showing that its unassisted stability is not equal to the oblique press- 
ure upon it, and that it will be overturned. 

There are three ways of adding to the wall the requisite support. 
The most obvious of these is the addition oF exterior buttresses, tlie 
weight of which will serve to deflect tlio pressure-tine more directly 
downward, at the same lime that their position will improve the sta- 
bility of (he wall by removing the point about which the pier must 
revolve, in order tu overturn, beyond the intersection of tiio press- 



T buttre 






wall, i: 



1 the base. The second r 

es, the weight of which will also serve to deflect the 
a direction more nearly vertical, at the same time 
inft llie point C, in Figure 184, horiiontally away from the 
intil the point ¥ is brought within the base. The third method 
consists in piling up masonry in the form of pinnacles above the 
wall at the proper plaees, increasing by tlieir weight the vertical 
component uf the total pressure, until the line falls within the base 
of the wall, with little or no help from hullressefl, eitlirr exterior or 
interior. This would be not only a perfectly legitimate and rafe 
construction, but perhaps tlie most economical of any, since the 
weight of all the masonry extraneous to the wall itself would be applied 
in increasing the stability of the pier, while buttresses, cither inte- 
rior or exterior, must be continued to the ground, al though the portion 
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bvlon tlie floor-line, much llie largest part of the whole, icnes 
in tliU case only as a «upporl, without adiling anjlliing lo ihe Bta- 
bilit/ of tlie wall above the door-line. Thure would probably be, 
however, eome objectloa an Uie part of the buililing committee to 
Rueh an unuaiial coDstrucIion, anil as we Lave ourselves same [ear 
tbaE masaes of anow eliding ilown ihe roof might push the pinnacles 
oS, with diBOStrouB results, we will abandon the idea of employing 
Ihia melhoil. Of the two others, that of inaidc butlrenstng seems the 
less ailapleil to the circiimstanccfi> as the projection of the buttreisei 
woalU obstruct the side aisles of the hall. If the room were planned 
with high walls and flat celling, the acoustic advantage of tJiese 
projections would be suflicieully important to outweigh the objeclinn 
to them B9 obstructions, but in the present case (he slinpe of the roof, 
the echoes from which would be broken up and dissipated by the 
net wort of truese^and the regular succesaion of braces springing 




oF aound c< 



from the corbels whiih n 
ducted along ae well as re- 
flected from the walls give 
all the security agBinst un 
pleasant reverberation which 
could be obtained bv interior 
projCLtions, and it wdl be beat 
on other accounts to avoid 
tliem bv placing (he buttresa- 
eion the outside 

We will first make trial of 
■ bultie<s of the shape and 
tize sliown in tlevalion in 
Figure 185 an] in plan in 
Figure ISG Finding first 
the weight oE the buttress 
from the (lour line to tl e lop 
we add this to the weight of 
the wall as a part of the ver- p. |g, 
tlcal foreein Figure 1B4, where it is represented by DE, CDrep- 
resenting the weight of the wall exclusive of the bultrees. The 
whole vertical force will therefore now be CE,boi\A C, tlieobliiiie 
thrust of the truss, remaining the same, the new reaultanl force will 
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be represenleil, in ilireclion Rni] amount, by A E. If iben, we ilrav 
B line, pHrallel to lliis new retulMnt, from tlic jioint nliere the line 
of thrust inlerficcia Ibe plane of tlie cenlre o( gravity of the pier 
■nil bnttress combined, to the door, or boie line, ws ihBll Kt once 
■ee wbellier the nhole will be stable. 

The fimt step in this process is to finil the pofilion of the oentre 
of gravity of the pier atiJ buttress. In the plan of Ujo pier with its 
bullreas, Figure 187, find tha cenlre of figure of each portion sepa- 
rttcly, by drawing llie diagonnls of the pHrallelograni formpd by 
each. Join ibeac centres by the line A 
I centre of gravity of the who1« 
(igare will then lie on the lino A B,U a 
point which nia»t divide A B into por- 
a inversely proportional to the areas 
of tbe parallelograms in which its endi 
respectively lie. Tbe area of the paral- 
lelogratn representing the wall isSX I|^G}»iiusre feet; that of tbe 
parallelogram representing the buttress is ! X li = 3i square feeL 
Three and one-third is just one-half of «ix anil two-thirds, so that tbe 
point C, which divides tbe line A B &l one-third of its length fromfi, 
will show the centre of gravity of the complete figure, and if 
the pier and the buttress are of the same material, and carried 
to the sn me heighl, it will lie in tbe line of the centre of grav- 
ity of the whole mass. For our purposes wo can assume that 
this is the case, and that C lies in the plane of the actual centre of 
gravity. We then find the corresponding point in Figure 185 by 
transferring its distance froai the inside of tht^ wall with the dividers, 
and draw a vertical line through it as shown. Tlie line of the 
thrust of the roof, prolonged downward from tbe corbel, will inter- 
sect this new line of the centre of gravity at X, and X ¥, drawn 
from X parallel to .^ E in Fiijure 181, will show the line of the re- 
sultant pressure due to the influence upon the thrust of the weight of 
the pier and buttress. This line will strike the Hoor, or base-line of 
the movable portion of (he wall, at Y, and as this point fulfils the 
condition of being nearer to the vertical line drawn through the cen- 
tre of gravity than it if to the exterior of ihc mass, tbe pier and 
buttress, if well anchored at the floor-line, will safely resist the effort 
of tlie thrust of the roof to overturn them. 
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1 Figure 188, being supported 
table braced girders ruaning back 



The roof over the gallery, 
by posts at M and N, with 
from £/ and FJ,U> 
carry the truss inter- 
mediate between the 
one shonn in tiie fig- 
ure and the end wall, 
reeolveB itself simply 
Icto the case of that 
over tlie stage, which 
we have already in ves- 
tigaCed ; the curveil 
braces B I anil B /k 
being added merely 
for ornamcnl, and lo 
correspond with the 
msia roof. Wu liara 
now only to calculate 
the necessary size for 
the purlins, which are 
*irtunlly beams 12 
feet in length, hnving a clear span equal lo this distance less S inches, 
the width of the principal rafter, and subjocted to a distributed 
transverse stress, due to their own weight, (he weight of the portion 
of roof which rests upon them, with an occasional winii-p res sura 
mdded of 41 pounds to the square foot ; and the sizes of the common 
rafters, which are also inclined beams, of a length equal to the dis- 
tance between the purlins, and subjected lo a distributed transverse 
stress, due lo tlieir own weight, with the weiglit and wind-pressure 
npoD the portion of roof which each carries. The purlins should 
be nearly square in section, and each supports the strain of a por- 
tion of roof 11^ feet long, and of a width equal to the distance be- 
tween its centre and the centre of the next one, which in this case 
is 15 feet. We have previously estimated the vertical load, includ- 
ing weight of snow, on each square foot of the roof-iurface to be 30 
pounds, which would hero be equivalent to a pressure, normal to tlie 
plane of the roof, of 19 pounds. To this must be added Iho maxi- 
num wind-jiressure, which we found to bo 44 pounds, making 6S 
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pouniti per square foot ai the total traniverse pressure. Tlic purlin 
lUPtainalS X 11^=^172^ 9<(uaro feet, bo that tlie alrees upon it "ill 
be 1!3| X (t3= I0BG3 pouDtis. Ita own wifiglit wilt be, at tL« ut- 
moBl, 600 pounds, and over tbe auditorium the uaderside of the com- 
moii rafters will be lathed wid plnElered, adding a weight of about 
10 pnunils per square foot, or 1725 pouodt upon Ibe whole space 
SDStaineil hy each purlin. This, as well as [lie weight of the purlin 
itself, heini; a vertical preMure, of which a portion is transmilied 
down the rafters, while only the uoin)toiient normal to the roof-plane 
exerts a stress upon tbe purlin, wo can find the normal pressure cor- 
responding to the vertical weight of 2225 pounds either graphi- 
cally or by applying the proportion of SO: 19, which we have just 
aacuriained Co represent tbe same relation in the case of the weight 
of roofing and snow. This would give 30 : IS = 2325 :140&. Add- 
ing this lo the others, we obtain 10868 -|- U09 ^ 12277 pounds as 
the measure of the distributed trunxveme stress npon tbe purlin. 
This is Q severe stress for a timber 11} feet long, and we shall do 
well to employ Southern pine for the purlin?, instead of spruce, on 
account of its enperior stlSness. Using the formula before em- 
ployed in calculating tbe tie-beam, ■■- ,^ - ^ W, we shall have here : 



C= SSO, the constant for Southern pine, as 4S0 is for spruce. 
b and d are both unknown. 

Instead of trnnspoaing the formula, it is often less trouble to 
assume certain dimensions, and try whether they fulfil tbe required 
contliiions of strength. Tn this case we will try whether a 10" x 10" 
eUck will do. Substituting these dimensions for b and d In the for- 
mula, and remembering that tbe weight, 12277 pounds, being dis- 
tributed Hniformlj along the purlin, exerts only halt as much break- 
ing stress as if it were concentrated at the centre, we shnll have 
""^^ ,,?"''' = 16942 pounds, as the distributed weijrht which will 
be safely borne by tbe timber. This is greater than we need, and 
we will try an S" x 10", which we find to be capable of supporting 
safely 12754 pounds, or a little more than the given weight, so we 
adopt these dimensions. 

The rafters are last to be coosidercd. The steady stress upon 
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eub of these, coasisting of the simple weight of tUe portion at 
tbe roof with its load of sddw resting on it, acts vertically, and 
the inclination of tlic rafter being oblique to this vertical force, it ii 
necessary to resolve the single stress iluo to the weight inlo two, one 
of which will net in a direction normal to the inclinalioo of the 
rafter, formiug n transverse strain of the ordinary' kind, while the 
other acts along Iho rafter by compression, and is to he resisted bj 
the rafter acUng as a column. The clear span of each rafter, from 
purllD to purlin, is 1& feet, less 8 inches, lite widiL of the purUn, nod 
as the rafters are spaced 16 inches from centres, each carries a por- 
tion of the roof HJ X IJ feet in area. The weight upon this, in- 
eluding that oF the rafter Itself, the roofing hoards and elates, the 
lath and plaster underneath, and a possible loatl of snow, will be 14} 
X li X 40 = 764 pounds. Drawing a vertical line representing 



this weigh 
the other two side 
of the rafter, and 
tides, measured at 
vertical pressure. 
We shall find the i 






side of a triangle, of which 

.wn respeclively parallel to the direction 
angles to it. The length of these two 
e scale, will give tlie components of the 
:t along the rafter and transversely to it. 
iponent to be about 45d pounds, ana 
the other, acting to compress the rafter, about 600 pounds. At 40O 
pounds per square inch, the sectional area of the ratter, acting as a 
column, required to resist this stress would be 1 ^ square inches, and 
the dimensions needed to resist the transverse strain must bo added 
to this. The transverse component of the simple weight of roof and 
snow we have just seen tobe4fiS pounds. Tolhismust be added the 
wind-pressure, which is adirect transverse strain, nmauntlng, by our 
previous estimate, to 44 pounds per square foot, or 14 JX IiX44 ^841 
pounds on the wliole area supported by each single rafter. Adding 
the two results together, we have 455 -|- 841 = 1298 pounds as the 
distributed transverse pressure on the rafter. By the formula pre- 
viously employed, assuming Ihe rafters to be of spruce, with a valus 
for C of 460, we find (hat 3" x 7" limbers will give a resisUnco of 
1S40 pounds; and supposing I^ square inches of the sectional area, 
comprising a slice \" wide by the depth of the rafter, to be occupied 
in resisting the longitudinal stress, we shall have remaining a piece 
S4" X 7", whose strength, according to the formula, will be 
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t)ie JiScreoce is ea unimportant tbftt we need not regard it, and w« 
adopt this as llie proper scantling. 

We now know tijii nucesaary aizea of timbers, and form of piert 
and buttreMes, for carrying out our provisional sketch of tLe build- 
ing into de6nite drawings, and ve proceed lo lay out our lloor-plani 
and elevations, coatinuini;, after tbese are well studied, to constrnct 
a foundation-plan in accordance with them. The elevation may 
be 6rst taken up, as upon this will in a gr«at degree depend ihe 
detailij of th« completed plan- 

We have seen, from the investigation just made, tbat the walla of 
the cenlral portion of the building, which support a hammer-beam 
roof, win need to be buttressed, to support the tendency of the roof 
to spread, while those of the portions containing the stage and gal- 
lery, being covered by roofs which are tied at the feet of tbe raftera, 
and therefore bitve no lateral pressure, do not require buttresse*. 
Our calculations Lave shown that buttresses 20 inches wide on the 
face, and projecting two feet, will fulfil the conditions of stabilitj, 
but if theefFect or the proportion should require it, we need not hesi- 
tate to vary from tbese dimensions, only assuring ourselves, in case 
of doubt, tbat tbe new forn will bo equally suited to resist tbetbruBt 
of tbe roof. The projection of tbe buttresses on tlie middle portion 
of the facade will give it a marked character, heightened by tbe long 
side windows of tbe central ball, which are not needed, and are 
rather in the way,in tbe stage and gallery portions; and to differeit- 
tiate Elill further the middle of the building from tlie ends, we will 
carry up a low parapet over the windows of the hall, behind which 
a wide and deep gutter can be formed to keep the drip from the 
eaves away from tbe central doorway. The corresponding portion 
of tbe ridge may also be distinguished by a cresting of metal or 
terra-^otla, and the three-fold division of tbe interior thus " accused " 
Dpon the exterior, without interrupting tbat uniformity of tbe roof- 
surfaces which we think desirable. 

The buttresses of the middle portion of the walls must obviously 
be supported fiom below, and will appear In Ihe first story as piers. 
Tbe curtain wall which connects ihem in the second »tory need not, 
however, l)a prolonged to the ground, if there is any other way of 
•upporting it, but may have its position transposed in the first story, 
If we desire. As some of the smaller offices in tbe first story and 
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bsiement occupy but one buy of the facade, we can eave tweDty 
iouljes of room in tliciu, besides improving tlje effect ot the (rent, 
t, b}' adopting tiiis Uinpositioa, and transfer- 
ill, or " wall'vei]," as sooie persona prefer to say, 
3 th« exterior iDstesd of the interior line of the 
buttruBsee. Thia will take 
awajr the support from be- 
neath the small porli 
the upper wall between 
the buttresses and the nin- 
d(iw opening?, and under 
I I ^ the wiodowB tlieoiselves, bo 

^~ U I we will Lave flat segmental 

^^^\ l\ arches luroed in those 




places, which will show just under the cui1io|;s of the first-atory 
rooms, but will be out of the wrty. The interval which will be left 
between the tup of the (Irst-story wall and the sills of tlie seo- 
ond-story windows we will treat as scries of small bitlconiea, acceiii- 
ble from ihe windows, with stone (loor?, and a parapet wall. This 
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balcony wrII will stop ui one cnil against tlic stuirciise tower, And 
tnay he proloogeil at lh« oilier end bo as lo (orm a kiarl oE tballov 
porcli over tlie eiile "ioorwaj, willi a narrow balconj on top, fur- 
QiELvd witli t, door opening irota llie rootu under tLe j^ailer}-; all of 
wUicb oill Iiclp to break up and uiake interesting a front otbcrwise 
■omewlial monotonous. 

Wc etiall Hnd «ome diOiculLy in prerenling the tower from looking 
like tlie steeple al s, cburcli, wbivb tlie building already rctcmblcB 
ratlier more iban we nish, but we will lee if tbat unfailing resource 
of llje arcbitec-tural designer, lliu exjireieion on tlie exterior of tli« 
building of ibe distribution and uses of llie interior, may not belp ua. 
liemeJubcring tbat a portion of tbc tower, whicb contaiins liie atair- 
case leading to nil llio upper portions of ibe building, niuet be re- 
lervcd as a ventilating sbafc, lo carry tbe foul air from tbo diSerent 
portions of tbe building, we will " accuse " tbe ebaft by making it 
project four incbes from Ibe general surface of tlis lower wall, above 
tlie lirst story, and will give it a special termlnalioD at tbe top. We 
sball need, for tbo best results, a sbaftof sonetliing like sixty square 
feet seuliunal area, and tbia can be obtained in tbe manner indicated. 

Tbe offset of four indies wliicb would ualuraily be made in tbe 
tower wall about at tbc second-story Hoor tto will make on tbe out- 
side instead of tlie inside, tbus giving it on air of greater apparent 
stability by tbe enlargement of ibe base. Tbe outside of tbe wall of 
tbe ventilating i^baft may be made continuous wilb tbat below, wbile 
the cbange in tliickness of tbe oilier portion may be emphasized by 
placing at tbat point a balcony, supported by stone corbelling, whicb 
will serve to shelter tbe stage entrance to tbe ball, and will always 
be useful, at times of public demon si ration 9, to tbe guests of tbe 
town olTiccrs, who will obtain access to it by a door. Tlia top of 
tbe tower would naturally be used to some extent as a lookout, and 
a bell would probably be hung iberc, lo that ibe Hat platform with 
parapet, and wooden belfry a little in retreat, will serve both pur- 
poses. To complete tbe exterior features we should add a ventilating 
turret over the middle of tbe roof, which will be indispensable in hot 
wealber, to withdraw rapidly the air just under tbe rooling, which 
is intensely beated by tlie sun on the slates, before it can diffuse 
itself into tbe atmosphere below, and two chimneys will he necessa- 
ry, which can conveniently be placed in tbe walls of tbe end gables. 
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The elevation of tlie opposiM side will be substaDlinll/ ibe same 
■B tlie front, iriili tbe exce|jlioD of tLc tower and (loorirayg, and tbe 
eiiil walls will be pierced only willi a few windows. 

Itefore wc ean fix tlie wcigbti upon llie diffort^nt portions of the 
foundation, wliivli will dutermlne tlie spread of tbe footings and tlie 
number of piles under ibem, it will be necessary to fix definitely 
tlie tliickneiB of tbe walls. For tlie front, since ihe piers between tbe 
windows are lomcwliat slender, we have alreudy decided to make 
(hem 16 tnclies thick, adding the projeetion of the buttresses to this, 
and as tliis wall is well tied by (lie fluor-beams which rpst in it, the 
same cliivknesii, IG inches, will be sufficient For the portions at the 
ends, which have no buttresses. 

The gable walls are under very different conditions, being much 
higher than tlie others. The lower portion, beneath ihc stage and 
gallery floors, is slightly steaclicd by the interior partition-walls, 
which are to be well anchored to it; but above ihts fiuor the wall 
Stands fi-ee to the roof. As the roof cannot wi^ll bo tied very 
strongly to the gable walls, it will be safest to regard these as qd- 
•npported above the ground floor, and to give them the thickness 
required for independent stability. This can be readily calculated 
by Rondelet's empirical rule. Laying off the height of the wall 
above the grouml, at any scale npon a vertical lin(^. ne set off liori- 
lontally from the foot of the vertical, ot the same scale, thu ilistunce 
between the cross-walls or other supports which hounil the wall 
whose thickness we wish to determine. Connecting Drst the ex- 
tremity of the horizontal line, by a diagonal, with the top of the ver- 
tical tine, we then divide the vertical line into twelve equal parts, 
and, with one of these parts aa a radius, describe an arc from ibe 
top oF Ibe vertical line, cutting the diagonal, and from tbe intersec- 
tion of this arc with tlie diagonal let fall a second vertical line. The 
space between the two vertical liues, at the scale of ibe diagram, 
irill represent the necessary thickness of tbe wall. 

In our case the gable is 96 feet high From tbe second Hoor to tbe 
apex, and TO Feet wide between the suppurting re turn- walls i and 
applying the rule we Gnd the thickness necessary to stability to be 
■bont 4 feet. 

It is obvious that although (his maybe the proper thickness oF the 
wall at the Foot, some economy may he made in the upper portion 



SOa BtHLDOa snPEBIKTENDENCE. 

*rliicb must be jetj unequally loaded. A rapid computation of th« 
weigbt of the piers, as compared with tbat of the wall between ibem, 
will show that the former, which are approximately I j X 3f feet tn 

section, and about G8 feet in height from the level of the baseicent 
Boar, B feet below the curb, lo the eaves, contain each about 878 
cubic feet of masonry, weighing, at 112 pounds to tbe cubic fool, 
12336 pounds, to this being added the weight of the curtaiD walls 
around tlie aocond-atory windows, wliich, as we remember, ore sup- 
ported entirely from the main piers, by segmental arches sprung be- 
tween them, and weigh, for the portion resting on each pier, about 
S3000 pounds, Besides this, the roof-trusses, which bear wholly upon 
tbe piers, bring on each nu nddilional load, as we hare seen, of 22320 
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pounds ; while tbe weight of the second-story floor, altbouglt framed 
with beams at short distances apart, is also brought by tbe segmental 
arches just beaealh it entirely on the piers, adding to the load on 
each tbe weight of ^ ^ ISO square feet of flooring, equivalent, 
with its ordinary extraneous burden, to about ISOOO pounds. Tha 
weight of the first story and basement floors would be divided be- 
tween the piers and the curtain wall in a proportion which can hardly 
be estimated exactly, but about one-half of it would probably come 
on the pier!<, making, for two floors, an additional lond of 18000 
pounds. Adding these together, we And the total pressnre at tba 
level of Ihe basement floor upon the cubstruclirre of the piers to be 
1S3G56 pounds. Dividing this l)y the seutionnl area of the piiira at 
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A point, which is SJ square feet, gives 22483 pounds as (he prei- 

9 per square foot. 
On Uic foundation wall between tite piers we ehiill have tlie weight 
of 16OO0 pouocls ol flooring in Srat story and basement, with that a( 
the wall as high as the second-story floor; everything above resting 
wholly on tlie piers. The openings for windows occupy most of tlie 
area, but wo have left about 300 cubic fuel of masonry, weighing 
33600 pounds; the whole pressing upon the substructure of thai por- 
tion of the building, whose sectional area below the basement win- 
dows is 10^ X li= I3j «qunre feet, with a force amounting to S820 
pounds per square foot. 

This calculation disiiloses a very great difference in the intensity 
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of the pressure on the Foundation under the piers, and that upon lh« 
wall between them, and as the masonry of rough stone extends below 
the basement floor seven feet to the tops of the piles, we have just 
reason to fear tliat the compression of the joints in thii masonry be- 
neatli the piers would be go much greater than in tlie intermediate 
portion, subjected to a load hardly one-sixth as great, as to can«e 
■one divlovation between the two parts of the stone-work, whieh 
would probably show itself at>oTe ground by fra<'Iurea in the sills of 
the basement and first story windows, as well as by the opening of 
leamt in the angles between the buttresses and the curtain wall. 

If the ground were very soft, so as to make it nniafe to increase 
the load upon any part of it beyond a limited amoimt per square 
might bo beat to equalize the pressure by spreading tlie 

Itlnga of the piers until the weight upon them was distributed 
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over M Urge ft mrfitce u to make tlio pressure upon each foot of 
thil (urFaoe equal to lliat on the Footings of tUe curtain-irall, but it 
woalil take a great deal of etone to epread the base of the fouaduioD 
to the requisite extent, anil ve, nlio can count in the present caie 
upon a pile foundalion oC tolerable resistance, »liall do best to abaD> 
don the iilea oF a separate fouitdation for the curtain-HBUs, and ar- 
range to support the whole, bv me«ns of arches turned just benenib 
the baneinent door, iolely upon the footings of the piori. . 

Altliough the pressure upon these will be increased by so doing, 
we can easily provide piles enough to siiFtain it all, and the cui^ 
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tain-walls, being now entirely dependent upon the piers, will lettle 
with them aa the JoiniB are compretwd under the weight of the 
superstructure, instead oE being torn away from them by ilio reaction 
of the less strongly weighted stone-work upon whigh they ihemselret 

Further consideration convincing ns that this is the best, a« well 
•s most economical method of construction, we have only to indicate 
the underground arches which we propose, ax shown in Fii^ire 193, 
ud calculate the size of footings and number oF piles required under 
each pier to sustain the weight upon it, which must now be increased 
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by tliftt of tlie curtain-w&U in first story an:I bnaemcnl, tibove the 
■relies, and also by an amount rejiresenting rouglily the weight oC 
the foundation below the basement floor, which, of course, can be 
only provisionally delermined. 

Before making up our minds on tliis point ne shall do best to test 
the resistance of the hard-pan to which llie piles are to be driven by 
actual trial, and will therefore lay out the piling^plan for Itw plain 
walla, and begin work. 

i^lthough the ground is softer than we could wish, the piles bring 
tip generally in a siratum which allows them to sink only 2^ to S 
inches at the last blow of a bnminer weighing IGOO pounds, and fall- 
ing 15 feet. This, by San(lers*B formula, indicalt's a safe resistance 
for each pile, in the worst cases, of 1^—?^ = 1 2000 pounds, or six 
tons. We will therefore assume this as the load to bo assigned to 
the piles under the piers, and will druw the plan accordingly, re> 
membering that it wilt be necessary to watch the ilriving closely, bo 
that if a soft epot should be met witli, in which ihe piles lihould link 
more than three inches under such a blow, addilionnl piles can be 
at once staked out and driven. sulUctent in number to divide the 
total pressure into portions small enough to come within ihe limit of 
their safe resistance, as found by a new calculation. 

Down to the basement floor, the snm of al! the weights borne by 
each pier is IT52AG pounds, which would jiisc be sustained by fifteen 
piles, driven to a bottom as hard as that whicli we have already 
found. We must not, however, forget that a considerable cube of 
maaonry will intervene between the top of the piles and the base- 
ment 0oor, whose weight must be taken into account. The distance 
between these two points is seven feet, and six feet, at lenst, of this 
must be of hoftvy stone masoory. The remaining foot may be of 
brick, like the superstructure, Supposing, simply for calculation, 
that one extra pile would be sulTicient to carry tlie additional weight 
of the foundation, we should have under each pier a group of sixti^en 
piles. The«e are always most advantageously arranged in pairs, 
BO that the atones which rest upon them, the " cappers, " as they are 
called, may each cover two piles, and no more. It is also desirable, 
for the sake of saving stone, to place the piles as near together as 
they can he driven without forcing each other aside, or unduly dls- 
turbiog the bod, and the minimum distance for this purpose being 



312 BUlLDEJa 

two feet fruui centre la centre, in such ground aa tbnt villi nlik'b 
wo hsiva ta deal, tbe nntuml disposition of our sixteen piles will be 
in ihi; form of a sr^uare, measuring G feet on each Biile, from (lie ceii- 
Ires of tlie piles. In order to cover Uiese entirel/ witli tlie cupping 
Itones, it will be Decesaar}', as ibo lieail of the pilea ia from 10 to 1 J 
inches in diaioeter, to make tbe firtt (bourse 7 feet sijiiare. Tlie mi.-- 
ODd course, in orOcr tbat the weigbt may not be tJirown (uo mucli 
on the inner part of tbe capping itones, sliould Iw S fcvt siiuarv. 
Tbe third course may be S feet by i, anil ibe fourtli course tbe 
tame. Eacli course will be about 18 iocbes bigb, and tbe whole 
amount of stouc-wurk will be U 7 cubic feet, weighing, at 1 25 pounds 
per cubic fool, 183 ;s pounds. Tbe extra foot of brickwork between 
tbe top of tliu Klone foundation and ibe basement floor will weigh 
623 pound?. Adding all the weights together, we fhall arrive at ■ 
total of I7S256 + 18375 + C2a = I9*2o3 pounds, or 87 Ions, to bo 
■upporteil by 16 piles, giving a load of Qff tons each. 

.f tbe bottom under tbe piers should be found as firm as where we 
are now driving, the piles sinking not inoretlian three inches, and 
generally less, at tbe last blow, with a 1600-pound hammer and 16- 
foot fail, we sliould be quite safe In adopting ibis arrangement, and 
we will slake out the piles under the piers accordingly, leaving, 
hoHever, some person to watch ibe driving, with strict injunction* 
to mark on the pillng-pIan, of which he has a tracing;, the actual 
sinking at thu hist blow of every pile, with the height of the fall; 
wliilu we inspect the timber dulivered on the ground, and observe 
the operations of cutting off the heads of ibe piles and laying the 
first course of stone, bolli of which are already in progress at one 
[•oroer of the building. 

The piles on the ground are straight spruce sticks, with tbe bark 
on, varying from 3D to 40 feet long. Here ami there is visible • 
crooked specimen, or one the heart of which is evidently rotten, and 
we mark all such for rejection. The driving of the first piles has 
shown thai tbe comparatively firm stratum upon which they ranst 
rest is about 31 feet below the surface, and men are engaged in cut- 
ting off the small ends of the longer piles to bring them to this dt- 
mension. It is important not to penetrate through tbe tiearing stra- 
tum, 0.3 tbe [ground is shown, by driving a lung eiperimental pile, to 
grow soft a;;ain iinmedinlcly below ; all thai is necessary or safe is 
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intil the firraer ground is 
nislieJ penotrallon of tha 
le or two aJtliUonal blows 

n may surreplitioDBly en- 
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blows of tliQ liammer ii 
reftcbed, wbicli *iU be sliowo by tbe Uinii 
pile At eat^li iropai;t, giving tbcn only 01 
to settle it into its i>eil. 

Tliere is aome danger that ttie workmi 
deavor to save trouble for theinaclvcs, nnd monty for tbeir employ- 
ers, either by driving tlie pile ouly a portion of tlie required distAnca, 
and then cutting it off, or by putting in shorter, and therefore 
cheaper timbtirs. Either of these frauds nil] probably be foUotveil, 
sooner or later, by serious consequence b, and the only way to guard 
againat tbein efEwluslly is to witness in person, or by nn intelligent 
deputy, tlie driving of every pile. We are somewhat in doubt 
whether it may not be necessary to send away all the 30-foot pile?, 
of which there are several on tlie ground, for ihe reason that al- 
though they would be long enough to reauli from the linrd stratum 
to the water-line, they lack about two feet of the length necessary to 
extend from the hard bearing to the present luttom of tlie excavation 
where the machine stands. This, for convenience in working, is not 
dug down to the wniet^luvel, and tl)erc ia danger that ihe ihart piles 
may be simply driven to the liead in the ground and left there, with 
their feet stiU some distance from the Biratum on which they onglit 
to rest ; but in consiOcrBtion of the promise of the contractor lo 
bring no mure of the same kind, we consent to have them driven in 
our presence, each one, after driving to the head, being sunk fnrtlier 
by means of a " follower, " or abort piece placed oo lop of it, until the 
bearing stratum is reached. When the trenches are excavated lu the 
water-line, which will be done as soon as the macliine is out of the 
way, the followers will be dug out, uad the plies under them will then 
bo as useful as any. 

The operation of digging out the piles is already in progress in 
another place. The level of the water-line, or rather, of the point 
at B certain distance below the average water-line where wc have 
dirented the piles to be cut off, is fixed with reference to a mark on 
the side of the excavation, utid u steam-pump is at work to keep the 
trenches clear of water until the earth has been removed to n [iroper 
depth, the heads of the piles cut oS at a uniform level, and the cap' 
ping-stones laid. Two men, with a cross-cut saw held between tliem, 
are bending over in the mud, sawing oS the top of a pile, whidi 
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Another man liolils to prcvnnt it from falling upon Ilicm. ObMrring 
tlivai frum a ilistance, we notice tlint in orilcr tu relievu ilieir bftcks 
■B far ns possible from llie fatigue of stooping, as well «s to keep 
llieir knuckles out of tlie earth and water, ttiey lioli] tlie saw very 
niuoh bent, to lliaC it makes a concave, instead of a level cut ocros* 
Uin bead. As we approach, tlie bead of tbe pile, just severed, is 
purposely tumbled over [lieir worb, and llic men begin nnotlieT cut, 
this time with the saw held straight between llicm. Looking aliout 
the trench, we notice that one-lLird or more of the piles already cut 
oS exhibit the concavity due to the bending of the aaw, while others 
have an obliiiue head, and n few are cut an inch or two higher than 
their neiglibors. Any of these defects may compromise ihe iftfety 
of the building, either through the crushing of Ihe edjc of a concave 
cutting under the weight of the supers I rue tu re, or the lilting of a 
Citpping-sloDC supported at one end on a pile cut obliquely or out of 
level ; and calling the attention of the men, we point out the defect* 
ive work, and direct tiicm to rccut the piles properly on tbe spot, 
waking to see our orders obeyed. 

While thus engaged we have leisure to watch the slone-lnying just 
beyond. The adjustment of a roughly-split stone npon tlie heads of 
two piles, to that it may have no tendency to rock or move in Btiy 
way under the groat and varying pressure which will be placed 
upon it, is a difficult matter, and the work should be rbarply looked 
after. The usual way is lo place the stone in position, and then 
wedge up with stone or even wooden chips between it and the head 
of the pile, until it ceases to move wlien shaken ; but this mode is 
open to many objections. Wooden chips are of course iuadmis- 
sihlc, since lliey crush Imnieiliately under a etroln ; and stone " pin- 
ners " arc liable lo be broken or Jisloilged, leaving tbe block which 
they were intended to sustain in a condition of dangerous instabil- 
ity. The best, although the most Iroublcsome method of capping, is 
to select only the stones with comparatively Sat beds, and lay them 
on the heads of tlie piles, shifting them about, before they are de- 
tached from the derrick, until they rest immovable. They will then 
need no pinning or wedging, and can be depended upon ti 
without moving the load which is to he placed upon them. If wedg- 
ing should be Found absolutely necessary, as may sometimes happen, 
the stones used to pin up with should be wull-ahaped, f 
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Miircly placed upon iho head of ibe pile, so its to be in no danger 
Eat shaking outor crumbling. With the snme object of nvoidingftll 
■tendency on the pnrt of the capping-a tunes to rock under the load, 
Bbo *loQe shotild rest upon more lljan three jiilee, unless both it snd 
I the heads of ttie piles have been dressed to a perfectly plane surface, 
^ and with rough stones it ia not easy to get a good bearing even on 
three piles at once. 

After explaining our ideas on ihece pointn to the foreman of the 
fltone-lnyers, viiose opinion coincides witli our own, we return (o the 
front wall, where Itie pile-driving machine has arrived before U9, and 
ire troubled to find that iJio ground appears softer there than under 
the other portions of the dtructure. As we approach the row oF iso- 
lated piers forming the middle of the front, the piles sink under the 
Ilmst blow of the luimmer from three to four inches, instead of two 
fend one-hnlf or three inches, Bhowing that a vnrialion has taken 
^ace in the texture of tlje clay stratum upon which they resL A 
trial pile driven by means of a foHower to a depth of 40 feet sinks 
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at that distance mora rnptdly than ever, and we are forced to the 
conclusion Ihat the bottom at 31 teOt, allliough poor enough, ii the 
best to be liad. A simple cBlculalion is, howcTer, sufficient lo show 
that it is unsafe (o tru^t the weight of the piers upon it without add- 
ing to the number of piles under them, and thus diminishing the 
load upon each point of support. Supposing the sinking of each 
t pile at the last blow, under the ai'tual conditions, to be four inches, 
ight which it could be relied upon to sustain safely would he 
W'ti tons, and the number needed to support the load of 194353 pounds, 
>*hich was previously calculated as the weight on each pier, would 
c 33, allowing for the slizbt additional weight of alone required lo 
e extended ba«e. 

The ground is, however, hardly go Boft as this, the average being 
Eabout S| inches sinking at the last blow, and we shall be safe in 
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^iiig our ptrni. anJ slaking out 20 instcail of I<i piles under eftcL 
us slionn in Figure 194, remembering that if tlie ground ebuuld 
still worse h nill \x noceisary [o add lo die number by driving 

L rows OD Cttcb «ide. Happily, lliis does not prove to be tli« 
and we are able, wlien llie driving ia over, lo rest assured llial 
may befall oar building, ibc failure of tlie piles is DOl 
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LO more upon the details of c 
Id now dilTcr little from tbo9C of any otiier, but 
to consider tlie ni^veasnry meuis for lii-aiing and 
means (or lieating and ventilating the rariuus loom*. 
v'ntilatlon. Success in this point will be a matter of some diffi- 
culty, and we should have our ■(.'heme well jirepared 
in advnnce, in order (hat the necGMnry distribution of flues and 
pipes may be effected lo llie best advantage. 

The only practicable method of conveying heat from a single 
tource to all points of so large a building le to employ steam, and 
alihouijh steam-heating is in many respects inferior to ibal by means 
of hot water or ordinary furnaces, we have no ftlrer- 
SMsm. native, and must try to niitigale the bad features of 
the eystero as much as poisible. For the smaller rooms, tlie evil lo 
be avoided is the closeness, from went of a freali'uir lupply, wliicb 
generally eharacteriies steam-beated oflices, and (o remedy this wa 
gball do best lo adopt what is known as the direct-indirect mode of 
heating, in which the radiators stand in the rooms, but are made to 
enclose a space into which air is admitted directly 
^MMhoid. ''"°" '''^ outside of the building, to pass, after being 
warmed by contact with ihe pipes of the radiator, 
into Ihe room. The large hall in the second story must be heated 
in n somewhat diSerenc way, since it would not be possible (o place 
radiators in the interior of the room, but it will Ite advaoiageous lo 
keep them as near the part to be warmed as possible. The source 
of heat for the entire buildin;; will be a boiler placed in iho base- 
ment, and we should got some notion of the necessary size of the 
trailer, and of the flue to carry off the smoke from it, in time to pro- 
portion the rooms suitably. 

Wo can form a rough estimate of the radiating surface requireil, 
and tbencc of the sizes if pipes, boilers and fiues, by bIIowiqit 
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onfi'telitli t>t a E(]iiare foot radialmg surface to eocli sc^uare foot of 
pUin wall and exposeil roof surface, and Beren-tudi-lis 
ol a Hqiiara fool of r*luting surface adjitloaal for ■■*i'"a*» of 
eacli sr[uiiri! foot of glass i[i ihe viodoirs. The build-faoa requirad. 
ing baa about 33,000 »iiiart] feet of outside vail and 
16,000 square feet of inlerlor wall, ami lo this must be aitded 12,000 
tquaro feet of roof surface, exposed to tUa interior of llie rooms, 
making G0,000 square feet of roof and nail, reijuiring 6,000 9i[UHre 
feet of radiating surface. Of glasa tu the various openings there is 
about £,GOOf({uar0 feet, sevpD-teDths of nhicit irill give 3,920 feet 
silditionnl of rudinting sarface, making 9,920 square feet in ail. 
The rule sometimes used, of allowing for direct-indirect railiatioa 
one and a half 'square feet of radiating surface for every 100 cubic 
feet of space coataiDciI iu the building, would give, as we have ubout 
S00,000 cubiu feet, 13,500 iiiuare feet of roiliuting surface ; but tliis 
would be an excessive allovance for the large hall in the second 
■lory, and our first estimate is riuite safe. 

By the jsual rule for estimating, the heating surface of the boiler 
must be one-tenth that of the rndinting surfaces, which would give 
here 993 square feet. This could be obtained bv using a horizunlal 
boiler feet in diameter and 20 feet long, with about 
60 lubes, but a single boiler of this kind would not Nacsasarv 
work to such advantage as two, presenting tiigelher,"'B''o "eoMeN 
the some amount of heating surface; auJ there is here 
the further advantage in using two boilers, that one can be employed 
solely for heating the hall in the upper story, which is only occasion- 
ally in use, while the other can lie devoted independently to warming 
(heolHcesin theGrst story and basement of the building, which are oc- 
oapicd almost continuously. We must therefore make a new calcu- 
lation, which shows us that the liall in the second story will reiiuire al- 
most exactly ono-half of the total radiatiogsurface, so that two boilers 
just alike, each containing QOO s<juare feetof healing surface, will 
answer aitmirably. As an engineer will be constantly employer), it 
will be moat convenient and economical to use two horizontal boilers, 
each 4 feet in diameter, 20 feet long, and containing 30 lubes. Ench 
of these bailers will need, in order to he able to get 
up steam quickly, about 20 square feet of grate gur-°'"**' *"""'*'■ 
face, and we siiail require, to carry away the gases ol combustion 
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qiilcUj' rroiD tUeie grates, wlieii both ara iu operation, a cliimouj uf 
the best formwilli a sectional areaofubout 13 xguare inches to eacb 

equara fuot of grate aurfaco. We Imve 40 sfjuare feet 
'*o»OM!!^Jif*"' Ji>ate surface, aad auisi liuve, Iherefore, 620 square 

indiea of sectional area of diimncy. TLu liuiglit of 
the cbimnoy would enter Into the csluulaiion to a eertitio exteDt, 
litice the velocity of the current increaiea with the Letghl cf llie 
heated voluiuti, but this adranUige is soun lost In prolonging the Ehud 
to an exeeisive bei<;hr, and wc shall obtain the best results bynssuin- 
ing only tbu average dimensions. The sootionul area thus calculated 
should be obtained in a aquareor circular llue, as an oblong one, villi 

the same area, has much less capacity for carrying 
•"""•""'"•■away smoke. Considering the circutti a lances of our 
buildmg, it will bo found most advantageous to employ a circular 
cast-iron amoke-pipe, and to place it in the ventilating shaft which 
forms a portion of the tower, so that the heat radiated from It may 
assist the upward current in the ventilating flue. A pi|>e S8 iochei 
in diameter will give the requisite soutioiiBl area, or a little more; 
and as it will be 123 feet la height we can be sure of a good vcloclly 
In IL The only objection to suuh a position for the chimney is the 
danger of disfiguring the upper portion of the tower with Bmt>ke ; 
but by carrying the pipe through the roof of the smaller turret it 
will discbarge the smoke at a sulBcient dbtance from the main bel- 
fry to make sure that It will bo carried away by the wind. 

The position of the boilers will be determined in general by thai 
of the chimney, sinco it Is desirable that the communication between 

the smoke connection of the boilers and the chimney 
"SoViSi*?' should be as direct as posaiWe, avoiding long pipei, 

vrbich chill the gaaee, and unflergroand flues, in which 
it is JiJIIcuU to start a current. Fortunately, we have kept llii* 
point in view, and have arranged a room in the corner of the baae- 
ment, close to the tower, large enough, not only for placing and 
managing the boilers, but for passing ail around and aver Ihcni, with 
sufficient space In front of them for handling the long flue-brusliei 
and scrapers which will be required. 

We may now estimate roughly the size of the largest pipes which 
will ho required, and we shall then know what special provision mnst 
be made in the construction of the building for placing then 
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T»klDg tbe safe rule lliat [lie main distributing pijies slioiilJ hxve a 
aeclional area equivaleal to ciglil-lenllia of a Mjuarc 
inch for each 100 Bquarc feel of railialing surface sup- *'*p(2^"'" 
plieJ hy lliem, we sliall fiDil.sincoeaoli boiler furnisIicB 
ilcaiu to 4060 equarc feet of raJiating lurface, tlialeacli main slearu- 
pipe must bo a liUlc more than 7 inclies in illamctor iosiJe. As nu 
pipe is made between 7 anil 8 intli, anJ na 8 inch is mucb larger 
tban iroulil be necessary, vre will iletiTniioc upon 7-incIi pipe Tbe 
riiera, or pipes wbicli run up to supply the railiaUii's above will be 
■mall, none being more tlian a incites in diameter, utiil ne sbnll bav4 
DO dillieuU)' in carrying them up in 4" x 4" recesses lt.ft in llio wall 
tA tbe proper places, which it will lie well to mark on tbe j'lans at 
oocc. 

Before tbls can be done, however, we must determine all iLo main 
features ot our system of ventilation as well ns heating, nnd th« 
(Ooner we nuike up our minds about this tlie better. 

For the basement and first story rooms ibo plan of ventilation 
•hould be as simple ns possible. Frusli air will be admitted i>ehind 
tlie rtuliatora in each room, which should stand under 
the windows, in order ibat the warmtli from them JlJ^JtUJJl 
may counteract the iloseending stream of cold air 
wliicli, to winter, always (lows over the surface of tbe glass, and 
foul air will best bo taken out at two |)oints, one near tlie top 
and tbe other near the bottom of tbe room. For tbe offices which 
have fireplac(.-s, tlie opening of this will form thu lower outlet, but 
another should be provided near thu ceiling, coniniunicaiing with a 
floe which may be carried up beside tbe fireplace flue. Where tliere 
a no fireplace, two flues, one opening near tiio floor, and the otlier 
near the coiling, will be necessary. If the combined area of these 
outlets is made somewhat greater than that of the inlet, ti gentle 
CDFrent will be maintained at all levels in the room, and the air kept 
in better condition than would be poseible with a single outlet. As 
the small rooms are accu[iied only by a few ufHcerx and clerks, the 
■apply of fresli air need not be very large, and a 4-inch round pipe 
to each radiator would make an ample inlet. For outlets, brick 
lues 8" X 12" will be best, and each flue may open with small regis- 
ters both in basemont and lirst story, remembering, however, that 
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iLat a flue oliiclj cxliaum from iLe floor of the bntvmcnt rooms mual 
ktwayn, if it opens In tlie leconJ alory, oxbnuat from iha floor tber« 
also, DDtl ibnt in tlia smiie way tliu ceiling registers in tlio Grst- 
■tory rooms eliould open Inlo Ibe ilue wliicli drairs from ibe ceiling 
of ilio bascrui^nt rooms. It need hardly be said Ibat two fireplaces 
sbuuld nut under any oircumatanccB open into ibo same Hue. and 
tliat die outlet registers in ibo buBemcot rooms must not bavo a clear 
opening grcnter tban baU tlie scclional area of ibe flues into wlijcli 
tliey open, if any air is to be draira into tbe cani« lluei trum ibe 

As tbo entriin<?e-way and corridor in tbe first story and IiOMment 
will naturally be moru or leg* foul, a, good current of air should at 
all times be maintiUQed througli tbem. TLe (reitUL'nt upcniag u! the 
doura will fumlxh a aufBciont fresb-air supply, niibout bringing 
f |>evml pipes lo (lie rHiliittori, nod it will be of ailvaotage to restrict 
tlie tnlutf, but increase the ontlct, encouraging tbe exhaust in otiier 
ways OS much as jioasible, so that Ihs draft from ibe corridor will be 
stronger than that in the rooms, anil the current will, on opening tils 
doors, tend consequently from ihe room into the corridor, and no- 
viee vena. We will iborefore provide only direct radiation for waruH 
ing tbe corridors, and will comluct the air from tbem by a pipe pass- 
ing lbrou;*h the closets at the end opposite ihe staircase (o ibe gaUe 
wall, where a large flue is rend/ to receive it aod carry it away. If 
there should be any diScuily in maintaining a current through this 
Sue in cold weather, we can afterwards place s radiator in it, a little 
above the level of the «econd-story floor ; but lite wall is of greSi 
thickness, and we can easily build in it a Que 20" x 20", or 30" x 
24", perfectly straight, and 100 feet high, which will be very litlU 
liable lo a reversal of the current in it, even without artificial beating. 
Having now provided for the separate removal of the nir in the 
basement and first story, which we wish to prevent from ascending 
tbe atuirs to annoy the occupants of the hall above, we must Arrange 

for a special supply to the latter. The boll, with tb« 
*•""■""■ gallery, will seal about 1000 persona, and to make 

tliem quite comfortable during an evenini; they should 
be furnished with at least 1500 cubic feet each of fresh air per hour) 
and this air must, moreover, be warmed in winter before ilelivery, 
and conducted throughout the room gently and uniformly, leaving no 
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corner Dnvirited, «uil diapersing itself every wbere Ta|)iil!)' but witLout 
iDDsible currents. Tlie syEleu must iuvtucle every port of tlic rooin, 
■(ne'e Kny pvrtjuti unswept by the flow of air »ill beuonie a reservoii- 
of decaying or^unic pikrticlB9, nLicli will diffuse llicmselvca tUrougli 
iLo neigbboring atmospbero for some distaoceiD all directions. We 
will nl first conaider tbe vinCer ventilation only, tliat for summer be- 
ing stiupler, bat completuly different. 

Ai in tbc rooms belov, wa bave decided to use tbe direct-indirect 
method of steam lieatlng io the liall, placing lurge radiators under 
the windoiTs on all sides, and supplying encb radiator with n given 
quantity of frtsli air from the outside, to be warmed by contact nilb 
it, and tlien delivered into tlie room- Tbe persons seated next tbe 
walia, wbo woald otiiernise ttu exposed to Ibe cbilUng currents wbicli 
descend along the surfnce of tbe windows, and to aniuch smaller ex- 
tent along ibo pUiterinp, will Iben lie doubly protected, by the de- 
flection of llie cold eurrenla on meeting tlie warm streams rising from 
the radiators, and by tbe illrect inHuence of tbe warm rays falling 
apon their bodiei from the liot pipes. As tbose occupying tbe seats 
at iba edges of the ruom will ilius be warmed by direct radiation, the 
ur supplied to theni need not be so warm as if it were tbe gnly 
source of heat; and (be current delivered from the radlatora, if. tat- 
Golently abundant, need not be raised above 90" Fahrenheit. Tina 
will answer also for tbe persons in the interior of tbe rootn, wlio, al' 
tbougli uut off in part from the lieat radiated by the sleaui coils, are 
less exposed to cold currents from tiid windows, ami receive, more- 
over, a very considerable amount of warmib radinted from the bodies 
of those around them. Witli tbis human warmth, however, is given 
off a certain amount of organic exhalation, so lliat tbe air in the 
centre of the ruooi will he less purv than that ticarcr the frcali-air 
openings al tbe aidea, and it will be ueuesaary to furiiisli the middle 
portions with an additional supply. In many buildings this could be 
dooB by placing registers in tbe aisles between the seats, introducing 
at small intervals air token fresh from the outside, wnrmed in tlie 
basement and sent up through pipes, but we have to bear in mind 
that our tiall will uftcn be used for dancing, so that registers in any 
part of the lluor will be quite inndmiasiblc, and some other place 
must be found for dtlivcring the air, 

Tliere are but two other positions where inlets can be pTnced 
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near llie Huar, one of Lliese buing iLe verticaj front gf tUo lUgt 
anil llie otLcr llio front of tlio gallerj'. Botli of lliese will do, and 
iru will arrange lo ubu Iliem, Allljougli la different waysi, Tlie 
front of ilie slago being separated, Bometlmes by an orclie><ira. Mine- 
times nici'cly by an open «pace, from tlie front rows of seata, may be 
used a» a great ragiiter, throning in air along ils wLole extent, and 
the air ta inlruilucod will, in ita piu«age across tliu orcbcitra space, 
iliffu9o and mix iis«If witli olber currents, thereby losing iti original 
impetus, luiU ruaubing [be occupants of the front bencliesas a breeie 
H> gcDik as to bo bardly fclu This stage front will, in fai't, offer tba 
beat position in tbe room for tbo oUvaatageous introduction of lur, 
and we must arrange for taking it by ample openings from tbe out- 
side into tlio space under tbe stage, and for warming it by rodiatora 
before delivering itjnto the auditorium- Some of the radiators may 
be placed close lo tlio open gratings of the frunl, where tlicir di> 
reel warnitb nil] be felt by tbe persons nearest tUem, wbo are moat 
exposed to ttiu ciirruot. 

Oy taking; advantage of the slupoof the spaceuoder tbe sts^e.we 
shall be able lo secure n gentle but strong horizontal ileiirery of tlia 
warmed air, which will send it well toward the centre of tbe room 
before it begins to ascend, and the portion of the auill tori imi nearesl 
the stage will tims be supplied with fresb nir Ibrougbaut its whole 
extent. For tbe remaining hulf we will take fresh oirirom tJie rear 
wall, under the front of thu gallery, but in n munner sliglilly different 
from that employed for the first portion. In order to throw the supply 
from this direction well into thu centre of the auditorium, we Ehal] 
need to bring it in with considerable Telocity, nnd as ihe scats for 
tbe audience extend to a point within a few feet of tbe gallery front, 
tbe current, if allowed to strike the persons sitting in them, would ht 
felt aa a disagreeable and even dangerous draugbt, so that we thall 
do best to iiitroduco the greater part of it at a height of ten or 
twelve feet above the ground. In this ■any the main current will 
pass above the bends of those sitting near the inlet registers, ihaftjt 
diffusing itself so as to coma within reach of tlie lungs of tbe audi- 
ence only in proportion as it loses velocity. Under ibis nrrasgo- 
menl, thu greater the force with wbich it enters tbe room the mora 
effective will the stream bo In reaching and stirring up the atmo» 
phere of the middle portions, and we may with '^vantage place the 
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radUtora for lioating it b llie bawtmeQl, and bring tLa air u|) by 
pipe* ibrougli tlia ofGcesin llic basemL'iit an J Grst etor)'. Sy making 
tbe pipes straigbt, iritb a curveit ellioir at the top to direct tbe current 
into the room, vc hLoII obuiu a beated column long enough to poas«i> 
a very coDsiderablo buoyant teiidency, and tlie air will be tUruwQ iato 
tbe hull witli forue enough to curry it (o tlio centre bt^fore it will 
bogin to rise. To eooiplute llic supply o£ fruBb air for tlie room, we 
mast furnish the occupants o( the rear rows, who will rri'cive lillle 
beae6t from Iho curronts passing ovur their heads, with Bomu tepa- 
rate inlets near tlio door, bringing tbe air in through ex[H)3eil sicam 
eoiU in the direct- indirect manner, bo tbat, as at tbe sides of lh« 
room, the chill caused to the persons near by the movement ol the 
incoming air, which, slight us it is, increases the evaporation from 
the skin, and (.'auses a eensution of cold, together with the lost of 
heat due to radiation from the body to the cold walls, and the aD> 
pleasant draugLis caused by accidental currealB, may be compensated 
by tlie warm rays from the pipes. 

Ws shall now liave, for the main portion of tbe auditorium, cur- 
rents of frcsL air proceeding from all sides, and meeting in the 
centre. The currents from front and rear are purfmsely directed 
with considerable force in n horizontal direction, and those fron. the 
■tJes, which are, so to speak, pressed upon by the descending cold 
air from the window surfaces, will be dellected in tbe same direction, 
and this impuUe, aided by tbe natural adhesion oE moviog air to the 
sarfaces with which it comes in cuntaci, niU serve lo keep at least 
the heads of the occupants of the room in a pure and constantly to 
neweiJ atmosphere. On the meeting of ibe currents in the middle, 
their liorizontnl movement will be dcitroyed, and (he buoyant foi-ce 
due to the heat of the mass of air, which has grown warmer in pass- 
ing amon^ Ibe bodies of tlie people, will assert itself, carrying the 
whole upward. Thru, if not otherwise disposed of, it will bocome 
chilled by contact with the underside of ihu cold roof, and will 
descend along the surfaces of the roof, walla and windows, to mingle 
again with the incoming air from tiie radiators, and repeat the same 
rounil. This would not only contaminate the freshness of tbe new 
■npply, but would very much reduce its amount, since uir cannot be 
forced by ordinary muans into a room which is full already, so thai 
e of the (low of pure air, remove riis 
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viliated atmoipliere before it can descend to llie level of the it 



If Uio inovement of llie air were poeitive eooiigb to carry it, after 
rising above llie beads of tlie people, directlj to iLe roof, it migbt 
be beet to take it from tlic ridge, but io cold neatlier this vould 
liardly be llie case, mucli of Ilio air becoming cbilled and returniDg 
downward before reaebing tliaC poiol, so tbat ire sball do better to 
ekbauft it from tbe level of the comitre, a little aliove tlie line of 
separation between the lower, fresb, warm and borizontally moving 
■Iratum, and llie opper stratum of vitiated, gradiiallj-euolini; and 
descending air. If tbe ball were of a perfect!; simple elmpi?', this 
upper strntuiii would muve uniformlv all around, but there are two 
causes which will give it a tei.iiency toward the stage cud of the 
room. One of these is tbe attraction of the stage ventilation,* whicb 
draws the upper air sensiblj' toward tbe prosccninm-arcb ; and tba 
Otber is ibo pressure of the air from the ^ftllery, which, introduced 
througii radiators at the sides and rear, will move forward into tbe 
main bodv of the auditorium, pushing tlie stratum in front of it in 
tbe same direction. Tbe mass of air which we wi.th to rcmovt* will 
tbus be impelled gently aguinst tbu pros<!enlLira wall, Bod cun bo r» 
moved most eSeclively by opaningi in that wall, through wbicb it 
can continue its i-uurse into tbe ventilation-shaft and away from the 
buiiding. These ojwnings can have any decorative shafie, Mid 
should communiuate with a conduit behind the proiceniutu wall, c»,t- 
ried into the main ventilatint; Que. 

It will be seen that ibis plan of ventilation is totally different from 
that wbicb would be adopted in a scbool-ruom, or otlier apartment 
with a low. Hat ceilitig. In such a ruom tlio best method would 
generally be to employ indirect radiation entirely, wanning tb« 
fresh air in tbe basement, and bringing it up tlirongb long verti- 
cal pipes opening into ibe room by registers in tbe side waltt, 
seven or eight feet above tbe tloor, withdrawing tbe cold anft 
foul air below, by exhaust registers in or near tbe lloor. By tbia 
arrangement the fresh, warm air would pas> first to the ceiling, fill* 
jng tbu room like an inverted lake, and constantly prciising out ihfl 
foul strata below, without danger of annoying the occupants of tlie 
rooms by draughts. 

in ibo present cnse, however, wa nre precluded from employing 
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toy inetLoU of tbia kind by tlie creat lieigbl of tbe ceiling, and tlia 
extent of cooling surfBcn prcsenlcd by the roof. TIic nami nir in- 
troduced at nny conai Jerablo lieii;bt above die Door would rise imme- 
diately to liifl riJpe, cooling there willi great mpidily, to he precipi- 
tated agiun in cold drauglita upon ibc beiids of the 
people below, wlio would remain immeraed in a cliUly V«''n*^laMSr 
atmosphere even though liiat above them might be 
warmed to a temperature of 100° or more. It would be impractica- 
ble to fill so great a space, loaing heat, moreover, bo rapidly as would 
be inevitable under the circumatances, with anything nppronebing the 
inverted atmospberic lake of a low room, and our only resource here 
ii therefore to keep the freeh-air supply near the floor, avoiding un- 
pleasant draughts as much as posaible, but directing all the warm 
currents so that they may reach those who are to breathe them bft- 
fore they can escape from tlie slight attraction exerted upon them by 
the Dnor and the objects near it, and rise into tlie empty a]iace above, 
to be lost Iwyond recovery. 

Tbe course of circulation of the air beFng once determined, many 
cimnmstanccB can be made use of to promote i[, and all obstacle! 
■hould be removed. Radiators ought not to be placed in such a posi- 
tioD that the inevitable asceodiog current from them will Interfere 
with the general movement, and even the aspect of the different 
portions of the room will need lo be considered, tbe northern and 
western sides being generally coldest in winter, and chilling the air 
next to thcoa so as to caiide it to descend, while that on the opposite 
tide rises, in a movement of gentle rotation, which can be checked, 
if it should interfere with the desired system of circulation, by in- 
creasing the radiating surface near the cold walls- 
Such ventilation as tliis is of course dependent upon the differ- 
ence in temperature between the exterior and interior uir, and the 
IDOvemcnts duo to the buoyancy of warm currents in a cold atmos- 
phere will cease entirely as soon as the temperature outside and in- 
side become tlie same. For summer ventilation, there- 
fore, we shall need to devise a modified system, vrhich venilVatiVn. 
can at pleasure be substituted for tbe other, but will 
not interfere with it at other times. Fortunately, summer is also tbe 
time of open windows, and the warm-weather ventilation is, in aucb 
a case as this, a much simpler affair than that needed for winter 
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Tbo occupmnts of iLe olTiceB in the bMemenC And first (tOfy will keep 
their windows generallv as vriile open aa possible in tlio hot tniinlbif 
»□(! if wo n-member to provide fan-ligbta over Uie doors, and to 
pUco the doors opening on tlio corridor ncnrly opposite cocli otber, 
we cnn secure for tUem an almost constant draught across the 
width of the building, which will kvep tLu rooms as fraih u could 
b«i desired. The corridor itself, If much frequentEd, mn; nvcd, oven 
in summer, to be exhausted by means of its special fliii^, whioli mutt 
tn that case be kept heated b/ a large gas-burner, in order to pre- 
serve that diSercnce in temperature between the air inside the flue 
and the outside atmosphere on which the movement o( the former 
entiret.v ilepeods. 

For the great hall in the second story we shall need Eometblog 
more than open windows, not for the sako of a frcsh'air supply, 
alnce these large apcning% ptacoil opposite each otlier in so long a 
building, isolated from all others, would give a breeze across the' 
room in the hottest nigUt, but to remove the nir which would, iidIm* 
Allowed to escape, collect under the roof, filling the space down to 
tlie heads of the windows with a stagnant mass, often very mach 
beated by contact with the underside of the stated roof, upon which 
tlie sua shines all day, nod always containing most of tlie organio 
impurities thrown aS by the lungs and skins of the people below, 
which riae with their warm breath even in the atmosphere of sam- 
pler. This reservoir of foul and healed vapor, although confined U> 
the t-pa.ea above the sweep of the fresh breeze from the windows, it 
apt to make ita presence disagreeably felt by diffusion ihroagli tiie 
pnrer atmosphere far below it, and it is important to provide for 
tapping it, so to speak, and ollowing its contents to flow, in accord- 
ance wilh ibeir natural buoyancy, upward from tlie highest point of 
the roof into the outer air. It woild be useless to try lo draw the 
foul, warm air downward as far as the openings into the lower ven- 
tilating-sbaft, since its buoyant force, after a day of summer mo- , 
shine, is far too great to be counteracted by any exhaust which could | 
be obtained in the veatilating-shaft nitiioiit the aid oE a fan ] and It 
is very desirable to take full advantage of the acquired tendency of 
the stratum of air whicli we wish to remove, to assist its dischoi^. 
For this purpose an open turret on the ridge answers perhaps better 
than anything else. The length of the worm current asoending 
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tliroiigb it aiablfl tlie vdiH^ity, and lidpa to dm* up that wliidi wuu. J 
tenJ to linger behind; and its position at llie summit ot tlse root en- 
■iirUB tlie removal o( llie \a,n trnces of the wnrm and foul stralutn. 
So long as any persons remain in tliQ tiull, or gas-liglits continue to 
burn tbere, aait Toluioee of deterioratu'l sir nil! BBcenc] to take tbe 
piRCe of that discbarged from the ridge, but if nut atloired to slag- 
nute, or accumulate lieaC from tlie roof, they will not affect tbe at- 
mofpbcre below. 

Hnving now evolved a Baiisfactory general scheme of healing and 
ventilation, the details only will need attention, and tliese will not, for 
oar present purpose, detain us long. After tlie contract for tlie heating 
apparatus has been made, and ilie contractor has made bis appear- 
ance, with bis materials, upon the ground, we sball 
Deed to examine, and if necessarv lo criticise, the Deiaiisor 
coMtruclioa of tbe boiler, the dimensions of the pil^s.**""',!,"? *""''' 
and the arrangement of them and of tbe radiators. 

Many good healing engineers employ boilers and radiators of 
their own construction, to nhlcb ibe arrangement of tbe pipes must 
be luited ; but there are some general principles applicable to all 
systems. The eatential features of a good steam-beating apparatus 
are : safety from all risk of explosion, sufficient anil nell-pkced ra- 
diating surfaces, freedom from noise in operation, and thorough 
drainage of all parts, so that the pipes and racliators may not bo 
subject to injury from water left standing In tliem, nnd freezing. 

The first of these re<piisites is satisfied in vnriuus ways. 

Many engineers, instead of boilers with a single shell, use for 
beating the so-valleil " sectional boilers," consisting of coileor groups 
of pipes, sometimes of wrougbt-iron, bnt generally cast, joined, to- 
gether in sets of live or six or even more, over a sin- 
gle fire-box. Tbe water and steam circulate freely ^",'°^' 
among the sections, but in case of over'benting, or 
Insufficient water-supply, not more than one section is likely to give 
way M once, and the explosion of a slnglo section, even In flie 
basement of n dwelling-house, is rarely a serious matter. Cast-iron 
boilers of this kind arc rather liable to such accidents, but the es- 
cape of water from tbe broken part extinguishes the lire, and a new 
section is quickly put in place oE the one destroyed, making th« 
boiler as good as ever. 
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For coavcQience in use, it ia becoming common to kilopt wlmt ut 
known as " magazine boilars," in wliicU tlie fire-box is ttil in Uje 
same way as a liase-buruin^ stove, b)' coal descending gradual])' 
from a cylindrical or conicul magaslne above. Un- 
Bofi»r»!' "''^ " Lot-air furnace, wliicb distributes some waniitL 
llirough ibe registers until tlie last sparlc of fire liat 
gone out, and tlic nxbei! have grown cold, a steam-beating apparatiif, 
as soon as tbewuler in it ceasva to boil, and lli« Bleim-frrossure falls, 
loses all its power of trauBmitling warnitb lu u distance, and the 
rooms [lependent upon it rapidly cool. ^Vitli ordinary bouec boilera, 
while it is easy enougb to bank up ilie Rre and keep it ovsr uiglit, 
ready to sbake out and brighten up the next morning, it ii diffiutill 
to maintain it williout attention for six or seven houi'a in a state of 
suOiciently active conibutiioa to keep Etcam in tbe rndiatora, and 
bouses fitted in this way are apt to be cold during tbe oigbt, but tbe 
eelf-feeUing boilers, in wbicb coal enough can be put at once into tbe 
magazine to supply a brisk fire witbout attention for ten or twelve 
hours, meet this difficulty with perfect success. 

For large buildings. In which economy must be studii:d in the C€n- 
sumption of coal, and where skilled firemen or engineers nre nlwftj'i 
near at hand tfl atlend to it, the ordinary return-flue tubular boiler 
usually gives the best reiult«, altliougb there are vui- 
s modifications of this, made with vertical tubes, 
wbicb oSer advantages in point of quiok response to 
the urging ot tbe fire, and comparative freedom from liability tti 
oboke up if neglected. That all such bailers are more or less liable 
to explosion cannot be denied, but the danger may be reduced to a 
minimum by insisting rigidly upon a hydrostatic test, and if irassible 
a steam test, of at least 154 pounds lo tbe square inch, oven for A 
low-pressure boiler, before it is allowed to be put into the building. 
After this, care, clear water, which will not deposit sediment, and 
frequent cleaning, will Insure comparative safety. 

As alTecting the general efficiency of tbe beating-apparatus, tlie 
cliaracter of the boiler is of even less importance than that of the 
system of pipes and radiators by which the steam from it is dis- 
tributed, condensed, so as to give up it* latent heat in 
"••"'■*""■ sensible form, and returned in the shape (;f water to 
tbe boiler from which it started. In order to be quit^t and effective, 
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the clruulalion muet be continuous, tlie etcam alnaya Honing in ana 
Jirection [rom the top of the boiler, and the water returning into 
the bottom, without anv of r.hat meeting of the two currents which is 
indicated by the cracking and snapping of badlj'-planned ajiparatus. 
The necessary elements of every pipe system includiog radiators 
are the steam-distributing pipes, which carry the steaui to the radi- 
ators, and tlie relura-pipes, which bring back the ooQilenseil water 
to the boiler. These two duties cannot be fulfilled by a single pipe, 
except in apparatus on the smallest scale, without loss of beating 
power, and annoyance from the constant noisy collisiona of the steam 
and water in ihe pipes, shaking tiiem througli their whole length by 
the violence with which the water is driven liitlier and 
thither in them. Such a method of heating, there- "^'^^^ 
fore, although cheap in first coat, is never employed 
in good work for buildings of any considerable size. For these, 
separate returns are, or should be, always used, and the elf ectivenesa 
with which these do their work is nearly jiroportionat to their extent. 
■ml consetiuent cost. In ttio simplest circulating arrangement, two 
pipes run side by side upward through the building near each line of 
radiators, one of which is connected with the steam dome of the 
boiler, and the other with the water at the bottom. From the 
former pipe branch<:s are taken off to the iteani-ralve of each radi- 
ator, »nd branches from the corresponding return-valves connect 
with the other. 

If the process of condensation took place only In the radiators, this 
arrangement would not need lo be furtlier complicated, but where 
the atenm-distributing pipes are long, some condensation, with low- 
pressure apparatus, takes place in them, partially filling the horizon- 
tal portions with water, causing irregular action and noise. To pre- 
vent this, all horizontal distributing-pipes are in good work laid with 
an inclination downward, in a direction away from the boiler, so that 
the force of gravitation and the pressure of the current of steam will 
cooperate In carrying any condensed water which 
may form or collect in them to the lowest point, from 
which it runs out through a vertical " relief-pipe," which is carried 
down to the main return-pipe below, enterin>; beneath the water-line. 
tf tills is done, as it should be for all horizontal pipes of any consld- 
arable length, or so placed as to receive the condensed water from « 
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loDg vertical distributing-pipe nbove, there will be liiUe danger of 
aoieeio tiie lupply-pipcs. Tlie return-pipes toav, liowever, still give 
trouble, as the steam ma)' blow rapidly through some radiators inlo 
the returns, at tliu same time that streaiiis o[ water are descendiog 

[rom rmliators situated on the same line in colder 
Vim"w^' '"'*<'™* abo»e, causing coUisiotis and noise. To meet 

this danger, the proper wajt is to furnish each railiator 
with its oiru roturD-pipe, carried down separately and entered into i 
the main return in the tiMeroeot, 1>elotT the watur-line. Tlien, since 1 
the fool of the pipe ia thus trapped, no steam can enter any returo- 
pipe except through its onn radiator, anc] tlie floir, both of Bteam 

and water through it, will thus be always tn tlie same 
llTturnlh direction, and collisions will bo Impossible. Such 

sepurate returns for each radiator consume, however, 
much pipe and money, and the usual mode of psilialing the incon- 
veniences arising from the connection of several radiators with 
a single vertical return is simply to enlarge the pipe so as to give aa 
much room as possible for the steam and water to pass by each 
other. Which of these methods should he adopted must depend 
open circum stances, a favorable arrangement of radiators making It 
poBsihIe to use in one instance a (ystem of piping whleh would give 
much trouble in another. In general, the radiators should be ao dis- 
trilHited that no vertical pipe, either for tteun or return, sliall aerve 
more than two radiBi«rs on each floor, and even then it is best to 
make the connections with the two radiators at diScrent levels, ta 
prevent one radiator from drawing air or water, as well as steam, 
from the other. 

The rule for the site of mtiXa steam-distributing pipes is ibat 
they shoald have three-fourths of a square inch of sectional area for 
each one hundred square feet of radiating surface which they supplj; 

the size being slightly diminished toward the end of 
Blia of PIpaa. ^^^ pipe. Return-pipes are usually made one sue 
smaller than the steam supply-pipes, and it must be carefully borne 
in mind that all the pipes, both for steam and return, will expand 
and contract regularly aljout two inches in every hundred feet, and 
that this expanelon must be taken up in some way, or it will ke«p 
the joints strained and leaking, if it does not tear them asunder. 
The general principle of providing for expansion is to form aoglei 
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tt intervals in tLc pipe, mukicii; each leg oE the angle long e 
to serve as a spring, which cnn move to and fro in accordance 
the expansion and contrectiuD oC Ilie olheT leg, with- 
out undue (trun upon tlie juinls o[ either, 
illustration of this principle, the Tertical steam and return risers, 
whiuh are usually the longest straight pipes in any building, are 
fixed onlv &t the bottom. leaviD)> (he wIjoIo of the pipe ahovo free to 
rise and fall as its temperature changes. The only branches from 
the risers are, or should be, the steam and nater conneclionB nitli 
the radiators, and to accummoJaie tlieee to tlie movement of the 
risers, the radiators are always set hack several feet from the main 
vertical pipes, communicating witli them by horizontal brandies, 
which, although fixed at one end to the radiator, are long enough to 
ipring freely, and allow the end connected with the risers to move 
up and down witliout causing tlie joints to leak. If the risers are 
fixed at the bottom, the change Ju length due to expansion accumu- 
lates toward the upper end, and the radiators in the topmost sloriea 
of the building may need inconveniently long horizontal connections 
to take up the movement nithnul danger of leakage. In this case it 
is possible, with care in arranging the lower connections with the 
mBatis, to divide ihe expansion by fixing the risers only at the middle 
Instead of one end. Then the upper and lower radiators will need 
equally long connections, and the shortest will be those for the 
radiators in the middle stories. Similar arrangements for throwing 
the expansion where it can be best taken up may be used in setting 
Other pipes, but such details ought to be made the subject of special 
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ANCIENT AND MODERN LIGHT-HOUSES. 

By M.^jOH D. p. Heap. I vol. Sqiuirc Svo. Fully illusWaled. #5.00. 

An inlErei>ingii:iiBli&:ind lutlDricil IrcitUc. udniivclr eoniiilEriiig ihil 10- 
porUni iheiBB. 

MutienI lA^hHausts — Eddyttant — Bill Jiack — Sierryvore — 
Other Lighthouses loith Suimarint Feundalieni — Mtnol's Le<igi — 
SfeclaeU Rttf— TiOamsBk Rotk — Norlhviisl Stat Xoct^Lighl- 
iamtj 0/ the AtlamU Coast of the UnitrJ Stalit — Rothitsand Light 
Towtr — Fourfttn-Feot Bank Ligil-I/oust, Drl-mmrt Bay — Skileloa 
Iron Li^l-IIouscs—CharaclfrislUs cf Li^l-Homa — hit of May 
Light-House — AtUctilaneous Lights — Li/;kt-Houst Administration. 



Comfltli Catalogue of Jlbislraled and Fini-Arf Books, yuvenilt and 

Educational IVorks stnt free ia any address oa afiplicalioH. Send 



TICKNOR AND COMPANY, Boston. 



TICKVOR Jt CO.'a AKCnTTECTVRAZ BOOKS. 

MONOOBAFHS OF AMEBIOAIT ABOHTTEOTTmE. 

This series was designed with a view to illustrating the most notable, imposing, 
and interesting of our American public and semi -public buildings, with adequate 
groups of large and attractive pictures, carefully printed on plate paper, and with 
their absolute accuracy ensured by the use of the photographic process. The 
edifices thus illustrated are among the most conspicuous on the continent, by 
reason of their great size, or architectural value ; and a careful study of their pro- 
portions will be of interest to all architects and students of the fine arts. The 
copious array oi details given adds to the practical working and studying availa- 
bility of the Monographs ; while the beauty of the pictures as works of art should 
ensure them a place in all libraries where art works are sought and cherished. 

NO. I. HARVARD LAW SCHOOL. 

H. H. Richardson, Architect. i8 plates, ijx i6 (Gelatine, from na- 
ture). In portfolio. ^5.00. 

List of Plates. 
A US/in I fall. Harvard Lazv School. General View — General View 
of Porch — Capital and Architects Monogram — Three plates of Cap- 
itals — Entrance Doonvay — Porchy looking toward Memorial Hall — 
Section of Principal Facade — IVest End — View from Northwest — 
East End — Staircase Tourelle — Tourelle and Entrance — Main 
Staircase — Reading- Room — Fire-Place in Reading-Room — Plans. 

NO. n. THE STATE CAPITOL, HARTFORD. 

Richard M. Upjohn, Architect. 22 plates, 13x16 (Gelatine, from 
nature). In portfolio. $6.00. 

List of Illustrations. 
North Front from the Terrace — North Porch — Detail of North 
Porch — Vinv from North Porchy showing Soldiers' Monument and 
Park — East Front — Details of East Porch, with Bas-relief of the 
Charter Oak — Vieivfrom Southeast Carriage Porch — Detail of Car- 
riage Porch — South or Carriage Porch — General View from the 
Southeast — West Front — Sou.h Main Corridor, showing Dome Piers 
and East Stairway — Dome — Interior of Dome, at Gallery Level — 
North Main Corridor, showing Model of ** The Genius of Connecticut,^^ 
the terminal figure on the Dome — Southwest Gable and Dormers — 
Hall of Representatives — East or Senate Stairway — Senate Cham- 
bers — Detail of Southwest Pavilion — West Main Corridor, Bronze 
Statue of Gov. Buckingham and the State Battle-Flags — Plans, 



TtCKyon * CIt.'B AKCHITErTTSAZ HOOKS. 

NO. 111. AMES MEMORIAL BUILDINGS 

AT NORTH EASTOH, MASS. H. H. Richardson, Arcbilect, 
23 piftics, 13 X 16, also Iwo lUhognphs. In ponfoKo. $6ao. 
General View b/ tht Tavin Hall anil Mimerial Library, from tit 
Soufitotsl — GtHftal Vino, from Iht Norlhtast — Frcnl Viaa 0/ Tim/n 
Hall—Arradtaf Tewtt Jlall^ Detail of Areaiie^ iHttrior of Loggia 
— Wt%t End Bf Town Hall— Vte^ frem Soulheatl — Eait End— 
Dflail ef East End «f Taunt Hall— Gtntral Vint 1^ Library — 
Entranit AreAiaity — Delails ef Library Front ( Taw Plaits) — East 
End— Chimtity-pitie in XiadiHgSBBm -^ Jnteriar af Batik- Room — 
The Cate-Ladgt, freat the Greundi ef P. L. Ames, Esq. — Tht Gati- 
Lodgt,froia the Saulh-Msl— Tit Gatt-Lodgt.frBM lit Stritt— The 
Railroad StalioH from Ibe Trait— Plans of Tmvn Nail and Memorial 
Library ~ Plans of Gale Lodgt and Railroad StaHon. 

NO. IV. THE MEMORIAL HALL 

AT HARVARD UNIVERSITY. W.\iiE and Van Brlnt. Archi- 
lecls. 13 plates, 131 16, and aac Pholo-LilhogrBpU. lo portfolio. 

Gtntral Vievi ef Cambridgi.from the West — Harvard Memorial 
Hall, from the Stmtheasl— Tit Main Entranee-^ Tht Memorial Vts- 
liiule — Enlranit nf Dining Hall — Southwest Porch — Clais/er and 
Mtmofial Tahiti — Vinos of Memorial Halt, from the West, with 
Slalsie ofjf'ihH Harvard— Dining Halt, looting fV/sl — Dining Hall, 
looting East — East End— Sandtrs" Thtatrt — Plan. 

NO.V. TRINITY CHURCH, BOSTON, MASS. 

22 Gclaline Vie«s and 1 Hcliocbromc, 13 x 16, f 10.00. 
Fortran of H. //. Richardson — It'tlt Front of Trinity — Central 
Viezi'.frem Southeast — Afse and Tavi.tr, from SoutheaU — General 
Viev>,from NorlhwtsI— Main Enlrance- Detail of West Front- 
Tmatrfrom South — Details ef Tajver ~ Cloister and Cha/et — CUiittr 
and Tracery Window — Cloister Garth — Chapel Slaira/ay — En- 
tranee lo North Transept — Cianeel — North Side ef Niei't — Font — 
£111/ of Dean Stanley — Nave.frem Gallery — Interior of Tower — 
Carfeenfor Windatu — Han ef the Churtk. 



TICKXOR A CO.*S ABCITTTECTURAL BOOKS. 

Indispensable to Architects : 

MODERN PERSPECTIVE. 

A Treatise upon the Principles and Practice of Plane and Cylindrical 
Perspective, by William R. Ware, Professor of Architecture in 
the School of Mines, Columbia College, i vol. i2mo. 321 pages, 
with 27 plates in a portfolio. $5.00. 

This is by far the most exhaustive of modem works on the subjects relating to 
perspective, plane and panoramic, and will be of great value to all architects and 
artists, and others interested in the problems of art. The scientific and pictorial 
aspects of these investigations are carefully and thoroughly considered, both inde- 
pendently and in their connection with drawing ; and the propositions of the 
author are illustrated by plates of architectural objects and perspective plans. An 
invaluable book for artists, architects, draughtsmen, and civil engineers. 

*' Much that Prof Ware has to say is as pertinent to the work of the landscape 
or historical painter as to that of the architect. The needs of the practical 
draughtsman are provided for in a chapter at the end of the book, which shows 
just how one goes to work to lay out the main lines of a perspective drawing 
according to the system presented in the previous chapters." — Boston Herald. 

** The book is written in clear English, free from unnecessary technicalities, and 
in a much more felicitous style than such text-books usually are. The plates 
required a prodigious quantity of careful work and are correspondingly valuable." 
-^ New-York World, 

JAPANESE HOMES. 

AND THEIR SURROUNDINGS. By Edward S. Morse, Ph. 
D., late Professor at the Tokio University, Japan, etc. With 307 
Illustrations. 8vo, richly bound, $5.00; in half-calf, ^.00. 

** Professor Morse's book is well worthy of study by every architect and decorator, 
because of its fresh ideas in design of detail and construction, and because of its 
graphic ])rcsentation of an artistic spirit manifested in the work and manners of a 
whole nation." — Hbnry Van Brunt. 

*' For cultivated people having tastes which lead them to take pleasure in beauti- 
fying their homes and surroundings, we know of no other publication so brimful of 
suggestion and valuable information as this handsome and profusely- illustrated 
volume. •' — Scientific A merican. 



TICKXOK * CO.'B ARCniTECTUBAZ. BOOKS. 

A Valuable Text-book: 

BUILDING SUPERINTENDENCE. 

A MANUAL: For young Archilects, Students, «nd others intereMed 
in Building Operntiaiu as carriei) on >C the pincnl time. By 
T. M. CuiKH, Fellow of Ihe American Institute of AichitecH. 
I vol. 8va. 336 pagi-s. Illuslrated wilh 194 Plans, Diagranis. 
elc. Price. $3.00. 

Intreductien — Tkt Construclion 
£>aflling-mwii- A Modil Spidfiia 
tian of a Tovih Hall — iHdtx. 
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There is hirdly any pncticiJ problem in canitmction, froni Ihg building of a 
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icctMible. Every ptrion iniireilcd in buildiof should poueu thii naric, ohich 

This volume has been used for years as a text- 
book in the chief Architectural Schools of the United 
State!.. 



HOMES AND ALL ABOUT THEM. 

By E. C, Gardnek. 716 pages. Illustrated, tl-jo. 



TICKNOn A CO.*S ARCITTTKCTrRAL BOOKS. 



ARTISTIC HOMES ! 

IN CITY AND COUNTRY. By A. W. Filler, Architect. Ob- 
long folio. P'ourth Kdition, enlarged and improved. 76 full-page 
illustrations of rural and urban homes, many of which are from 
gelatine. Also one colored plate. I4.50. 

** It has in many cases proved a very valuable assistant, a faithful frMnd and 
reliable adviser, to persons of refined taste and artful feeling who contemplated 
building a home. . . . We heartily commend it to all who intend building a home. 
To the architectural student and draughtsman the book should prove a valuable aid 
in teaching him how to effectively draw perspectives or interior views." — ButJdiHg. 

DECENNIAL INDEX OF ILLUSTRATIONS 

IN THE AMERICAN ARCHITECT AND BUILDING 
NEWS, 1876-85. 8vo. Price, $2.00. 

A carefully-made topical index to the thousands of illustrations printed 
in "The American Architects" for the past ten years, with the architects 
and costs of the buildings illustrated. These include 

Skcii/ies — Etthitt^s — General J'iru's — Tozoers an*/ Spires — A/oH' 
umenfs — Stuiues and Tombs — Interiors anJ Furniture — Entrances 
and Catt^iuiys — Edticationaly Mercantile^ and Public Buildings — 
Churches and Parish Building — Dzuellin^ — Club-Houses — TkeO' 
tres — Stables and Farm Building — JIoUls — Museums — Libraries 
and Toicn /falls. 

DISCOURSES ON ARCHITECTURE. By E. E. Viollet~Le- 
I)ic. With many Steel Plates and Chromos, and hundreds of 
Wood-culs. 2 vols. 8vo. 315-00. 

ART FOLIAGE. By J. K. Colling. Entirely new plates from the 
latest enlarged London edition. P'olio. 5 10.00. 

MURAL PAINTING. By Frederic Crowningshield. i vol. 
Square 8vo. With numerous full-page illustrations. 33-00. 

HOME SANITATION. A Manual for Housekeepers. i vol. 
i6mo. 50 cents. 

HOUSEHOLD SANITATION. By William E. Ho\t. i6mo. 
30 cents. Paper covers, 1 5 cents. 

LECTURES ON THE PRINCIPLES OF HOUSE-DRAIN- 
AGE. By J. Pickering Pltnam. With Plates and Diagrams. 
i6mo. 75 cents. 



TICKJfOS « eO.'fl ABCBJTECTT'RAL HOOKS. 

SKETCHES ABROAD. 

lyj. A. SciiWEINFiiKTH, ArthilecL This conlains 30 plales, rqiro- 
(luccd in flic simile from the tuthuc's skelthn 111 pen, puncil, iiid 
water colon, by the most ■ppioveil prucmcs, and prinlii) on 15 x 20 
heavy plate paper, in specially designed porlfulio. The edition 11 
liniilcil to 350 copies foi sale, eaL'h ot which is numbcrei!. Price, 
tlj.oo pec set 
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THE OPEN FIRE-PLACE IN ALL AGES. 

By j. PicKKRlMj PUTNA.M, Architect. It has been carefully re\-ibed and 
greatly enlarged, with haniltome anil large type, pages and binding, 
line and heavy paper, and with over three hundred illustraliuns, 
inclurling numerouB i/itfs J' amn'/s of designs of Fire. Places and 
interior decoration, contributed fui this edition by the aiilest jVichi- 
tects of the country. I vol. Svo. ^4,00. 
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The American Architect 

AXD 3XJILDINQ NEWS, 

Afi Illustrated Weekly jfonnuil of Architecture and 
the Pnilding Arts. With six or more Jir^ quarto 
illustrations in each number. It is noiv entering on 
its fourteenth year of successful publicatioUy and will 
hereafter be published in two editiotis only — the Reg- 
ular and the Imperial. 

In all the essentials it will be in the coming year 
similar to ivhat it has been during 1888. 

The series of papers on ^^ Builders' Hardware^'* 
^^ Equestrian Monuments^'' and " Safe Buildingy' will 
be continued. 

The publication of Mr. T. II. Bart let fs life of Rodin^ 
the celebrated French sculptor^ will begin at once. 

Other papers are in preparation on Architectural 
Shades and ShadozuSy The Colonial Work of Virginia 
and Maryland^ Visits to Spanish CitieSy Travels in 
MexicOy etc. 

Careful investigation has proved that it costs the 
subscriber less per page than any American journal of 
its clasSy while it contains vastly more illustrations. 



SUBSCRIPTION PRICES. 

Regular editiouy per year, in advance . . . $6.00 
Imperial edition, " " ... lO.OO 
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